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Application of Precision Photoelectric Colorimeter 
to Determination of Oil Deposit on 
Laboratory-Sprayed Grapefruit! 


L. A. Rieu, F. A. Guntuer, and R. L. Beter,? University of California Citrus Experiment Station, Riverside 


A method of using a precision photo- 
electric colorimeter for determining the 
amount of oil deposited by aqueous spray 
emulsions has been developed to meet the 
needs of a study of the efficiency of various 
petroleum oil fractions against adult 
California red scale, Aonidiella aurantii 
(Mask.), and eggs of the citrus red mite, 
Metatetrancyhus citri (McG.). The need 
for a rapid method of estimating the 
amount of oil deposited per unit area of 
plant surface, particularly that deposited 
by aqueous emulsions of oil applied as a 
spray or by other methods, was recog- 
nized early in the study of the use of 
petroleum oil as an insecticide. Experience 
with oil sprays has clearly shown the 
variation that occurs in the quantity of 
oil deposited by sprays of equivalent oil 
content under both field and laboratory 
conditions. 

Methods of determining the amount of 
oil deposited by spray application have 
been reviewed by Cressman (1941). All 
the methods except one colorimetric 
analysis involved extraction of the oil 
from the sprayed material with a suitable 
solvent, evaporation of the solvent, and 
either volumetric or gravimetric measure- 
ment of the extracted oil. Since loss of oil 
by penetration into the plant tissue 
during the interval between application 
and quantitative determination consti- 
tuted an unknown variable in previously 
proposed methods, Gunther & LaDue 
(1944) suggested acid digestion of the 
plant material and recovery of the oil by 
co-distillation with steam; this method 
was too insensitive for use with single 
fruits, however. A refinement of extrac- 
tion methods by treatment of the petro- 
leum ether extract with sulfuric acid to 


eliminate plant extractives was suggested 
by Redd (1945). 

Techniques for rearing Aonidiella au- 
rantit (Mask.) for use in experimental 
trials of insecticides under laboratory 
conditions have been described by Lind- 
gren (1938). In those trials the individual 
grapefruit as a unit of plant material for 
rearing the scale proved satisfactory. 
Later, Lindgren et al. (1945) used grape- 
fruit with red scale in laboratory tests of 
the effectiveness of various formulations 
of rotenone and oil. It was then that they 
encountered the problem of measuring oil 
deposits on the surface of the fruit, as 
most previous methods of determining oil 
deposits had involved the use of foliage. 
In the procedure which they adopted, 
Turrell’s (1946) method and tables for the 
rapid determination of the surface area of 
grapefruit and other spheroids were used. 
The sprayed fruit was dried before an 
electric fan and each spray group of fruit 
was stripped with petroleum ether applied 
in a fine stream. The amount of oil re- 
covered was determined gravimetrically. 

In a project proposed to continue and 
extend the study of fractions of petroleum 
oil as insecticides for California red scale 
and citrus red mite, it seemed desirable to 
rear these insects on grapefruit for labora- 
tory tests. Possible loss of oil during the 
interval required to dry the fruit after 
application of the spray, and also the time 
and labor required to extract the oil, con- 
stituted deficiencies in extraction methods 
which needed to be overcome, particularly 
in laboratory studies. In addition, accu- 
racy was limited in the available methods 


1 Paper No. 756, University of California Citrus Experiment 
Station, Riverside, California. 
2 Now with the Permanente Hospital, Oakland, California. 
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unless the amount of oil recovered was 
sizable, and this required relatively large 
amounts of rind or plant material. 
Stripping the fruit with petroleum ether, 
as suggested by Lindgren et al. (1945), 
was a step forward but did not eliminate 
the need to dry the applied spray. The 
time required to handle the strip solutions 
and determine the amount of oil recovered 
was still too long and the labor involved 
too tedious, and it was desirable to have a 
better measure of the deposit than milli- 
grams per 1000 square centimeters. 

McCall & Kagy (1940) proposed the 
use of Sudan III in the colorimetric 
analysis of deposits of oil on citrus foliage 
through visual estimation of color densi- 
ties in Nessler tubes. If the results of spray 
trials made over a very long period are to 
be correlated, such subjective colorimetric 
methods are severely limited as a routine 
procedure. Snell & Snell (1948) and West 
(1946) offer descriptions and discussion 
of various photoelectric colorimeters and 
comparisons of these and other colorime- 
ters. Pearce et al. (1948) report determina- 
tion of the amount of oil deposited by 
aqueous emulsions on the surfaces of 
quince leaves by using a photoelectric 
colorimeter to measure concentrations of 
an oil-soluble dye recovered from samples 
of the sprayed foliage by extractions with 
petroleum ether. 

Preliminary investigations indicated 
that the concentration of Oil Red O solu- 
ble in spray oil, and the amount of dyed 
oil that could be recovered readily from 
the surface of grapefruit, provided color 
of sufficient intensity to permit analysis 
in a precision photoelectric colorimeter. 
In addition, it appeared that an increase 
in precision over previous methods could 
be obtained in the determination of the 
deposit, and that the time required for the 
analysis of a single sample could be ma- 
terially reduced. 

The present report is concerned with 
the use of a precision photoelectric colori- 
meter for determining the amount of oil 
deposited on grapefruit sprayed with 
aqueous emulsions in the laboratory. 
Through the use of dioxane as the solvent 
it was possible to remove the spray deposit 
immediately after the fruit had been 
sprayed. Data to indicate the precision, 
reproducibility, and sensitivity of the 
method, and a discussion of the limita- 
tions of the method, are presented. 
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MATERIALS AND Meruops.—The pre- 
cision photoelectric colorimeter* chosen 
was used in combination with a multiple- 
reflection galvanometer. This colorimeter 
has a relatively long chamber for the solu- 
tion cell, and several sizes of cells make it 
possible to use a light path up to 150 mm. 
in length, as required. This feature was 
advantageous when it was found that the 
deposit of oils highly efficient for the 
control of citrus red mite eggs was only 
one fifth to one fourth of that required for 
oils highly efficient for the control of adult 
female California red scale. The dye Oil 
Red O was selected because it is soluble in 
oil and provides an intense red color visi- 
ble at a concentration of 5X107~7 molal 
solution in dioxane. Our stock dye ex- 
hibited maximum absorption at 520.5 
my in ethanol and 522 my in dioxane. 
Commercial “pure dioxane’ was used 
without further treatment. 

Preparation of Dyed Oil.—About 0.25 
gram of dye was added to each 100 ml. of 
oil to be prepared. The sample of oil was 
shaken continuously in a glass-stoppered 
flask for 7 days. The dyed oil was then 
filtered through an asbestos pad on a 
medium-porosity fritted filter. Actual 
concentration of the dye in this filtered oil 
was determined by weighing approxi- 
mately 25 mg. of the oil accurately to the 
nearest 0.1 mg., then diluting with diox- 
ane to exactly 50 ml. The transmittancy 
of this solution is then established and the 
concentration of dye in micrograms per 
milliliter may be calculated from the 
equation for an experimental curve for 
dyed oil in dioxane. 

A pplication of Oil to Fruit.—The surface 
area of each grapefruit to be used in esti- 
mating the deposit was determined ac- 
cording to the method of Turrell (1946). 
An aqueous emulsion of the oil was pre- 
pared by the tank-mix method (Smith 
1932), using commercial blood albumin 
spreader at the rate of 4 ounces per 100 
gallons, as in field tank-mix preparations. 
Agitation of the spray mixture was 
accomplished by means of a high-speed 
mechanical mixer! operated at 8,000 
r.p.m. for one minute. After the first 
minute the speed of the mixer was reduced 
to 6,000 r.p.m. to minimize frictional heat- 
ing of the spray mixture. A commercially 
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3 Lumetron, Model 402-EM; M atatine Corporation, 95 
4 Homomizer; Eppenbach, Inc., Long Island City, N. Y. 
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available air-pressure-type paint spray 
gun® operated with compressed air at a 
pressure of 30 pounds per square inch 
was used to atomize and apply the spray 
to the fruit. The diameter of the orifice of 
the fluid tip of the spray gun was approxi- 
mately 1/16 inch. 

Grapefruits to be sprayed were placed 
singly on a small turntable so that the 
center of the fruit was at the same height 
as the face of the nozzle of the spray gun 
and 30 inches in front of it. The turntable 
was set at 30 r.p.m. Each fruit received a 
uniform exposure of four revolutions to 
the spray stream according to the follow- 
ing routine: Each fruit was placed on the 
turntable with the polar axis (the axis 
between stem and blossom ends of the 
fruit) in a horizontal position, and was 
exposed to the spray stream for one 
revolution of the turntable. Then the 
fruit was rotated 90 degrees on its axis, 
in the horizontal position, and sprayed for 
another revolution. The polar axis was 
then turned to the vertical position and 
the fruit was exposed to the spray stream 
for two revolutions of the turntable to 
complete the application. 

Recovery of Dyed Oil from Sprayed 
Fruit.—A 6-inch metal spit was inserted 
from the blossom end to the stem end of 
each fruit to be used for estimation of 
deposit. During the spraying and strip- 
ping operation, changes in position and 
movement of the fruit were accomplished 
by means of the spit, to minimize dis- 
turbance or loss of deposited spray on the 
fruit. The dyed oil was immediately 
stripped from the fruit with a fine jet 
(approximately 1 mm. in diameter) of 
dioxane from the  automatic-zero, 
constant-volume, gravity-flow dispenser. 
Thirty milliliters of solvent were used to 
strip each fruit. Each fruit was rotated 
and moved about under the tip of the 
dispenser so that the force of the dioxane 
stream would be directed against as much 
of the surface as possible. The strippings 
were caught in a funnel placed below the 
fruit and were delivered to a flask. The 
strippings were then filtered through a 
medium-porosity, fritted filter and the 
transmittancy was determined at 515 mu. 

Preparation of Blank Solution.—To pre- 
pare the blank solution so that it would 
contain as nearly as possible the same 
ingredients (except the dye) as the sam- 
ples to be matched against it, the exact 
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procedure used with the test fruit was 
followed step by step with an emulsion of 
oil without dye. A fresh blank solution 
was made up for each set of spray trials. 

Colorimetric Analysis.—For colorimet- 
ric analysis the 150-mm. cell was used 
when it was expected that the concentra- 
tion of dye in the samples would be less 
than 1 microgram per milliliter of solu- 
tion, as judged by the concentration of 
dye in the oil and the amount of oil used 
in the spray mixture; the 20-mm. cell was 
used for samples expected to have a con- 
centration of dye greater than 1 micro- 
gram per milliliter. 

Calculation of Oil Deposit.—After the 
transmittancy had been determined on 
the colorimeter, the deposit of oil per unit 
area of fruit surface was calculated. The 
equations micrograms of dye per milli- 
liter of solution=—3.7765 log, %T* 
+17.40426 for the 20-mm. cell, and micro- 
grams of dye per milliliter of solu- 
tion = — 0.51266 log. °%)T+2.3819 for the 
150-mm. cell, represent the relationship 
of the transmittancy to the concentration 
of dye in oil from the surface of grape- 
fruit. The value for the concentration of 
dye present in the sample may be used in 
calculating the weight of oil deposited on 
the fruit. The amount of oil divided by 
the surface area of the fruit sampled gives 
the deposit of oil in terms of weight per 
unit area. 

PREcISION OF REsuLTs.—Solutions of 
known concentrations of Oil Red O in 
dioxane were carefully prepared in terms 
of micrograms of dye per milliliter of solu- 
tion. Since maximum absorption for our 
stock of Oil Red O dye appeared at 522 
my, a 515 mu monochromatic narrow- 
band filter? was used in the photoelectric 
colorimeter. 

Observed transmittancy of solutions of 
Oil Red O in dioxane and of Oil Red O and 
spray oil in dioxane are shown in table 1. 
Amounts of oil present in the latter series 
of solutions were determined by the level 
selected for the dye, since the solutions 
were made with dyed oil. 

The first step toward stripping known 
amounts of dyed oil from grapfruit in- 
volved determination of the amount of 


5 MBC Spray Gun; the DeVilbiss Company, Toledo, Ohio. 

6 “OT” =per cent transmittance read on the photoelectric 
colorimeter. 

7 Spectral characteristics listed for the M-515 filter by the 
Photovolt Corporation include peak of transmittance at 515 
my; range, 490-550 my; 5 per cent spectral transmittance at the 
peak and approximately 20 per cent spectral response of the 
colorimeter when used with the filter. 
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Table 1.—Transmittancy of solutions of Oil 
Red O in dioxane without and with spray oil.' 








Ow Rep O anp Spray 


Om Rep O 1n Droxane Ou wn DioxaNne 














Micro- Micro- 
grams grams 
Dye per Dye per 
Milli- Mill; 
liter loge liter loge 
Solution %T %T Solution %T %T 
1.24 73.4 4.29593 1.24 72.4 4.28221 
2.48 53.1 3.97218 2.48 51.8 3.94932 
3.72 88.1 3.64022 3.72 87.3 3.61900 
4.97 27.4 3.31055 4.97 27.0 3.29584 





1 OT =per cent transmittance read on precision photoelectric 
colorimeter. 


solvent needed to recover dyed oil from 
the surface of the fruit. One milliliter of oil 
saturated with dye was applied neatly to a 
grapefruit. The fruit was then held above 
a funnel, and the dyed oil was stripped 
from the fruit with dioxane applied from 
a wash bottle. Successive 10-ml. samples 
of strip solution were collected in gradu- 
ated cylinders. Two samples were taken 
beyond the last appearance of visible 
color. Several replications of the above 
procedure indicated that 30 ml. of dioxane 
were sufficient to remove the dyed oil from 
the surface of sprayed grapefruit. 

A solution of Oil Red O in a standard 
spray oil stock was prepared by com- 
pletely dissolving a carefully weighed 
amount of the dye in the oil on a weight- 
per-weight basis. Selected grapefruits of 
nearly equal surface area, as determined 
by measurement, were washed with water 
and dried without rubbing to minimize 
disturbance of the natural wax bloom on 
the fruit. Metal spits were placed through 
the fruit from the button to the blossom 
end so that it would not be necessary to 
touch the surface of the fruit with the 
hand during stripping operations. A small 
beaker containing some of the dyed oil 
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Fic. 1.—Observed transmittancy values for solu- 
tions obtained by using uniform volumes of dioxane 
to strip known varying amounts of Oil Red O in oil 
from the surface of grapefruit. 
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and a camel’s-hair brush was weighed. 
The amount of oil placed on a given fruit 
was computed from the loss in weight of 
the beaker and its contents. By this means 
an increasing series of designated amounts 
of the dyed oil was applied to the surfaces 
of individual grapefruit. Immediately 
after application the dyed oil was stripped 
from the fruit with 30 ml. of dioxane 
applied from a graduated wash bottle 
(Gunther 1948). Strip samples were col- 
lected in 50-ml. volumetric flasks and 
brought to volume. The transmittancy 
values obtained with the 515 my filter and 
the 20-mm. cell were plotted against the 
known amounts of dye applied to the 
fruit to obtain the curve shown in figure 1. 
Visual inspection indicated a good fit of 
the observed points to the line. 
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Fic. 2.—Per cent absorptancy vs. logio micrograms 

Oil Red O per milliliter for solutions obtained by 

using uniform volumes of dioxane to strip known 

varying amounts of dyed oil from the surface of 
grapefruit. 


To bring the data to a more useful form, 
an equation for the curve shown in figure 
1 was calculated by means of linear regres- 
sion techniques (Snedecor 1938). Use of 
this method in experimental work soon 
showed that strip samples would be en- 
countered in which the dye concentration 
would be imperceptible in the 20-mm. cell. 
The range of the 150-mm. cell was in- 
vestigated, and the curve for the relation 
of per cent oil transmittance to micro- 
grams of Oil Red O per milliliter of solu- 
tion obtained by stripping dye in oil from 
the surface of grapefruit with dioxane, 
was determined as described above for the 
20-mm. cell. 

If the method proposed by Ayres (1949) 
is used, it can be seen from the curves of 
figure 2 that the optimum absorptancy 
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range (Ayres 1949) for the 150-mm. cell 
extends from —1.2 to 0 micrograms on 
the abscissa, and from 0 to 0.7 micro- 
gram for the 20-mm. cell. The percentage 
relative analysis error per 1 per cent 
absolute photometric error estimated by 
Ayres’ (1949) method for the 20-mm. cell 
for the range 25 to 85 per cent absorp- 
tancy is 3.07 per cent, and for the 150- 
mm. cell for the range 20 to 85 per cent 
absorptancy is 3.3 per cent; a slight over- 
lapping of the optimum ranges of the 
curves therefore appears to be permissible. 
If these values are translated into terms 
of dye concentrations and oil deposits, the 
150-mm. cell may be used in the range of 
0.15 to 1 microgram of dye per milliliter 
of solution, or for approximately 1 to 60 
micrograms of oil per square centimeter of 
fruit surface. The 20-mm. cell may be 
used in the range of 1 to 5 micrograms of 
dye per milliliter of solution, or for ap- 
proximately 60 to 300 micrograms of oil 
per square centimeter of fruit surface. 

Another estimate of the accuracy and 
reproducibility of the transmittancy 
curves is obtained from the fit of the 
points to the line for the curve shown in 
figure 1. Calculation of the error by stand- 
ard linear regression techniques (Snedecor 
1938) reveals that the sum of the squares 
of deviation from regression is 0.002187, 
and that the standard error of estimate 
for the regression of per cent transmit- 
tance vs. dye concentration is 0.047. 

Redd (1945) reported that the color 
intensity of Sudan III fades rapidly on 
exposure to sunlight under field condi- 
tions. Sample strip solutions placed in the 
open under normal light conditions in the 
laboratory in the present studies did not 
exhibit any changes in transmittancy at 
515 mu within 24 hours; no decreases 
occurred for 3 days when the samples were 
stored in the dark at room temperature, 
and decreases were only 2 per cent within 
30 days under these conditions. The color 
of Oil Red O in dioxane is rapidly de- 
stroyed by heating, but no demonstrable 
color losses occur when such solutions are 
refrigerated. 

Discussion.— McCall & Kagy (1940) 
were the first to use a water-insoluble oil- 
soluble dye in a colorimetric procedure to 
determine amounts of oil deposited on 
citrus foliage. They used highly refined 
“odorless” kerosene for the stripping 
solvent and reported that the amounts of 
plant waxes and essential oils picked up 
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by the solvent did not appear to have an 
appreciable effect on the color of the dye 
or on the accuracy of the method. They 
obtained an average recovery of 98.41 per 
cent, with an average coefficient of varia- 
tion of 5.38 per cent. They reported re- 
covery of an amount of oil as low as 19 
mg. from a sample of 25 leaves, or a 
deposit of approximately 16 micrograms 
per square centimeter. In this range the 
coefficient of variation was approximately 
7.5 per cent. Pearce et al. (1948) reported 
use of Oil Red O and a photoelectric 
colorimeter for the determination of oil 
deposits on deciduous foliage and twigs. 

Preliminary trials with Oil Red O in- 
dicated that recovery of the amount of 
dye applied to the surface of a grapefruit 
in amounts of oil sufficient for the control 
of citrus pests would provide a color suf- 
ficiently intense for accurate determina- 
tion with a precision photoelectric color- 
imeter within the range following Beer’s 
Law. The more than 5,000 determinations 
made to date, involving varying amounts 
of dye, indicate satisfactory performance 
of this dye. 

Although McCall & Kagy (1940) did 
not encounter any color interferences 
from citrus waxes and essential oils 
extracted from leaves by kerosene, it was 
necessary to check this point with grape- 
fruit and dioxane. Solutions of dioxane- 
extractable substances from grapefruit 
rind were made in several ways: (a) grape- 
fruits were stripped with 25 ml. of dioxane 
each, applied from a graduated wash 
bottle; (b) individual grapefruits were 
sloshed for 5 minutes each in an amount 
of dioxane barely sufficient to cover the 
fruit; and (c) the flavedo portion of the 
rind was soaked for 24 hours in an amount 
of dioxane barely sufficient to cover the 
pieces of flavedo. Colorimetric evaluations 
of these solutions on a Beckman spectro- 
photometer indicated no _ absorption 
maxima within the range 500-535 mu. 
Blank solutions made as described above 
for strip samples for California red scale 
and for citrus red mite spray deposits 
were also examined spectrophotometri- 
cally; again no absorption maxima were 
encountered within the range 500-535 
my, the spread of the M-515 filter. 

Blood albumin coagulates in dioxane, 
but since the sample solutions were fil- 
tered before color evaluation, blood albu- 
min did not interfere. No indication of 
absorption in the spread of the 515-myu 
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filter was found in tests of a number of 
high U.R. (unsulfonated residue) water- 
white oils; in later work, however, some 
oil fractions having appreciable color were 
encountered. Thus each oil must be 
checked for absorption within this range 
before it is used in insecticide trials. If 
light absorption does occur, deposits are 
‘alculated by the equation Q=k log 
(100/9T), which is discussed later. 

Pearce et al. (1948) in their tests ob- 
served no toxicity to eggs of oriental fruit 
moth from the use of Oil Red O. Tests in 
our laboratory have shown that a kerosene 
film such as that deposited from spray 
applications of aqueous emulsions is not 
toxic to adult California red scale or eggs 
of citrus red mite. Fruit infested with 
these insects was sprayed with 2 per cent 
emulsions of kerosene or of kerosene 
saturated with Oil Red O. When the ob- 
served mortalities were compared with 
those found in the untreated check lot, no 
increase in mortality was noted from 
either the kerosene alone or the kerosene 
and dye. 

Cressman (1941) raised the question of 
the effect of the added dye on the amount 
of deposit occurring from given emulsions, 
but Redd (1945) found that emulsions 
made in a like manner with dyed and 
non-dyed oils gave comparable oil de- 
posits. When insecticidal comparisons of 
oils are made on the basis of an efficiency 
term relating mortality to amount of oil 
deposit per unit area of surface, instead 
of on the basis of spray concentration, the 
influence, if any, of the dye on the deposit 
is not important. The dye is not toxic to 
the insects, and insecticidal efficiency is 
directly related to the deposit. 

Solution of Oil Red O in spray oil pro- 
ceeds slowly unless some assistance is 
provided. Initially this was accomplished 
by warming the oil to 100° C. A month 
or so after dyed oil had been prepared and 
filtered, the dye began to crystallize out 
of solution in several stock oils. The rate 
of crystallization was slow and continuous 
and caused a constantly changing con- 
centration of dye. It was found that nearly 
the same amount of Oil Red O that could 
be dissolved in hot oil could also be dis- 
solved in oil by continuous shaking at 
room temperature for a week, and that 
storage crystallization of dye from the 
latter oil would not occur. 

Dioxane® was chosen for this work 
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because it is an excellent solvent for both 
petroleum oil and Oil Red O and is also 
miscible with water. It was found em- 
pirically that a solution of a small amount 
of spray oil such as that occurring in the 
case of ordinary spray deposits, in diox- 
ane, is miscible with nearly 30 per cent 
water without turbidity. This tolerance 
for water permits stripping the fruit 
immediately after spraying, thereby mini- 
mizing loss of oil due to penetration into 
the rind. Dioxane is only moderately 
volatile (b.p. 101° C.), and no difficulties 
have been experienced with evaporative 
changes in dye concentration during 
handling of the solutions. It may be 
obtained in quantity under the commer- 
cial designation “pure dioxane”; this 
purity has been satisfactory for our work. 
It should be pointed out that dioxane has 
a tendency to form peroxides, particularly 
on heating, so recovery from used dioxane 
by distillation is not advisable. 

Dyed solutions used in establishing the 
transmittance y-concentration curve (Fig. 
1) contained petroleum oil and dioxane 
extractives of grapefruit rind. It has been 
pointed out that blood albumin is not 
present in strip samples in appreciable 
amounts. 

The presence of water in the strip 
samples, and its quantitative influence on 
the transmittancy of Oil Red O in oil- 
dioxane solution, have not yet been dis- 
cussed. It was found that when blood 
albumin is present in the usual amount an 
average-sized grapefruit (200 square centi- 
meters of surface area) retains about ‘1 ml. 
of water after runoff of aqueous spray 
emulsion has occurred. On this basis the 
strip sample from a single fruit contains 
2 to 3 per cent water. When the trans- 
mittancies of solutions of Oil Red O in 
dioxane containing varying amounts of 
water (up to 20 per cent) were determined 
against dioxane as the blank, a decrease 
in transmittancy directly related to the 
amount of water present was observed. 

In addition to water, the experimental 
sample solutions contained small amounts 
of other substances such as petroleum oil 
(Table 1) and the waxes and oils extracted 
from the rind. Composite tests were there- 
fore made to evaluate the influence of 
water on the transmittancy of Oil Red O 

8 Since the vapor of dioxane is slightly toxic to humans, 
adequate protection in the form of ventilation should be pro- 


vided for an individual using the material in a confined space 
(Gunther 1948). 
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in solutions containing all the ingredients 
of the strip samples. Solutions containing 
various amounts of water were made up 
with dioxane fruit-strip base, petroleum 
spray oil, and dye. The blank solution for 
each level of water differed from the sam- 
ple solution only in the absence of the 
dye. The same stock solution of Oil Red 
O in dioxane was used for all the test 
solutions, and the amount of dye solution 
added to each of them was carefully 
measured. The proportion of water ranged 
from 0 to 10 per cent, at six different 
levels, in 2 per cent increments. The 
sample solutions were prepared in dupli- 
cate and four replications of each deter- 
mination were made. Results are pre- 
sented in table 2. Analysis of variance 

Table 2.—Influence of various amounts of 
water on error in colorimetric determination of 
micrograms of Oil Red O per milliliter in dioxane 
solutions containing constant amounts of pe- 
troleum oil and dioxane extractives of grapefruit 
= at 77.5 per cent transmittance in the 20-mm. 
cell. 








MicroGraMs OF Dye per MILLILITER OF SOLUTION 
Contarntnc WaTER as FoLiows: 
Resa -—————_ sl 
CATION 0% 2% 4% 
A 0.9675 
0.9828 





6% 8% 10% 





- 9803 
. 9706 


0.9778 0.9730 
1.0220 0.9778 


0.9828 0.9926 
0.9706 0.9950 


9754 
9778 


9828 
9852 


9706 
9828 


9511 
9878 


- 9642 
. 9690 


B - 9642 


- 9675 


1.0048 0.9690 


0 9974 
0.9706 0.9584 


9926 


0 

0 
Cc 0.9690 
0.9487 9730 0.9754 
0 
0 
0 


9560 
9754 


0.9584 1.0122 
0.9828 0.9778 


9803 
9366 


. 9828 
-9778 


D . 9390 


- 9675 


i] SS coc co oo 


0.9837 0.9820 9785 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 


0 
0 
0 
0 
9803 0.9706 
0 
0 
0 
0 


Mean -9633 0.9721 0.9738 
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showed that differences among the means 
for the various percentages of water were 
not significant and were due to chance. 
The coefficient of variability for these 
data is 1.65 per cent; a plus or minus 0.1 
per cent reading error for the colorimeter 
could contribute as much as 0.99 per cent 
error. Since the experimental sample 
solutions may contain approximately 2 to 
3 per cent water by volume, it is apparent 
that small variations in the amount of 
water in the sample solution do not sig- 
nificantly affect transmittancy values. 
Penetration of the oil into the fruit 
tissue is a potential source of error en- 
countered in the estimation of deposits of 
oil on plant surfaces. Means of applying 
a predetermined amount of oil in aqueous 
emulsion to a grapefruit uniformly over 
the entire surface of the fruit, were not 
available; hence the loss by penetration 
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from a precisely known oil deposit could 
not be measured directly. This loss was 
established experimentally, however, by 
determining the deposit for fruits stripped 
2, 5, 10, and 20 minutes after application 
of the spray. The concentration of oil in 
the spray mixture was adjusted to provide 
a relatively high rate of deposit on the 
fruit and to insure sufficient oil for pene- 
tration and subsequent measurement. The 
results are shown in table 3. Each of the 


Table 3.—Influence of interval between spray 
application on grapefruit and removal, by strip- 
ping, on deposit estimation error through loss of 
oil by penetration into rind tissue. 








MicroGRaMs Ow per Square CENTIMETER OF 
Fruit Surface Arter Given INTERVAL 





ReEpuica- 
TION 


A 124.3 
B 124.1 
Cc 123.3 
D 125.4 
E 127.7 


2 Minutes 5 Minutes 10 Minutes 20 Minutes 





127.2 
126.4 
122.0 
127.6 
120.9 


124.82 


131.1 127.7 
128.7 132.9 
129.8 128.9 
118.5 124.8 
112.7 119.5 
124.16 126.76 


Mean 124.96 





values listed represents the mean of five 
determinations, each from a single fruit. 
Analysis of variance showed that the 
differences among the means for the vari- 
ous time intervals were not significant 
(the L.S.D. .05 for these data is 6.32). 

When determinations of the oil deposit 
for the experimental spray samples were 
started, it was found that the blank 
sample did not completely compensate for 
the presence in the solutions of dust and 
other insoluble foreign matter picked up 
from the surface of the fruit, and that this 
contributed to the error. The dust and 
other particles could be removed easily 
by filtering through a pad of shredded 
asbestos on a medium-porosity fritted 
funnel. 

Initially, each of the grapefruits used 
for estimation of the deposit was stripped 
singly and a 50-ml. volumetric flask was 
used for each fruit. The deposit for the 
spray trial was obtained by deriving the 
mean deposit for the lot of sprayed fruit. 
If the dioxane strip solutions for the sev- 
eral fruits of the group are pooled in a 
single container, the determination from 
this solution will represent the mean of 
the lot of sprayed fruit. The volume of 
the sample is measured in a graduated 
cylinder. Although this is not as accurate 
as making the sample up to volume, the 
error is relatively slight because the Val- 
ume of the pooled sample is always more 
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than 100 ml. and can be read to 1 ml. 
The accuracy of the colorimetric determi- 
nation is increased, however, because the 
volume of the pooled strip samples makes 
it possible to use them directly without 
dilution. For samples prepared from 
single fruits and made up to exactly 50 
ml., the dilution amounted to nearly one 
third. 

Pearce et al. (1948) calculated the 
amount of oil deposited by means of the 
equation Q=k log (100/%T)° derived 
from Beer’s law, Q representing the 
quantity of dye per 50-ml. sample, k being 
a constant, and %T the observed per cent 
transmittance. The corresponding k 
values were calculated for each of the 
observed points of figure 1. If the relation- 
ship expressed in the equation is accurate 
throughout the range of the curve, the k 
value should be the same for all the 
points. A progressive deviation occurred 
in the k values calculated. If the average 
value of k for the series of points through- 
out the range is used, however, the agree- 
ment among deposits calculated by means 
of this equation and those obtained by the 
use of the experimental regression equa- 


tion which we developed is within the 
requirements of the method. Therefore, 
it should be possible to use the equation 
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Q=k log (100/%T) for the determination 
of the deposit of petroleum spray oil on 
grapefruit after application of the oil in 
aqueous emulsion, when Oil Red O is used 
as the indicator dye and its concentration 
in the solution is determined by means of 
a suitable photoelectric colorimeter. 

Summary.—A more representative 
value for the toxicity of a given petroleum 
spray oil as an insecticide can be obtained 
when the toxicity is related to the amount 
of oil deposited on the infested plant 
surface. To provide a means of determin- 
ing the amount of oil present, grapefruits 
were sprayed in the laboratory with oils 
containing a predetermined weight of a 
red oil-soluble dye per gram of petroleum 
oil. The dyed oil was stripped from the 
sprayed fruit by washing it with a suitable 
solvent (dioxane). The fluid draining 
from the fruit was collected and the vol- 
ume determined. The amount of dye pres- 
ent in the sample was determined by 
means of a precision photoelectric color- 
imeter. This value was then used to cal- 
culate the weight of oil present on the 
fruit. 


® Pearce, G. W., and A. W. Avens. A colorimetric method of 
determining oil deposit on plant surfaces treated with oil sprays. 
(Paper in preparation.) Private communication, January 26, 
1945. 
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Translocation and Residual Action of Soil Insecticides’ 
L. C. Terrrere and D. W. Incatsse,? Corvallis, Oregon 


Due to the stability of many of the or- 
ganic insecticides in the soil, and to the 
growing practice of controlling insect 
pests by soil application of insecticides, 
it is desirable to determine whether crops 
grown in treated soils retain any of the 
toxicants. Previous reports on this prob- 
lem include that of Questel (1947) who 
observed that corn grown in parathion- 
treated soil became toxic to the European 
Corn Borer. Later, Starnes (1950) found 
that after BHC and parathion were ap- 
plied to the soil, potatoes grown therein 
were toxic to mosquito larvae and the 
potato tuber worm. Chemical analyses 
verified the presence of parathion. The 
abnormal flavors resulting in certain 
crops grown in BHC-treated soil is fur- 
ther evidence that this material is trans- 
located. 

For the past two years translocation 
studies have been carried on in conjunc- 
tion with pest control experiments con- 
ducted by Morrison & Crowell (1952) at 
the Oregon Agricultural Experiment Sta- 
tion. 

EXPERIMENTAL.—A series of 20 by 50 
foot plots were treated in the spring of 
1949 with eight different insecticides. 
DDT, BHC, dieldrin, aldrin, chlordane, 
toxaphene, EPN, and parathion were 
rotary tilled into the soil, a sandy loam, 
at the rate of ten pounds active ingredient 
per 6 inch acre. No analyses were per- 
formed on crops harvested at the end of 
the first season, but potatoes grown in the 
plots in the second and third seasons were 
examined for residues. In addition, soil 
residue determinations were made the 
second and third years after application. 
Other insecticides were included in the 
pest control experiments in the spring of 
1951, and one of the most promising of 
these, heptachlor, which proved to be ef- 
fective against soil pests, was also in- 
cluded in the translocation studies. Po- 
tatoes grown in the heptachlor plots were 
thus examined at the end of the first 
season’s use. Likewise, potatoes grown in 
a different part of the state in soil treated 
with aldrin at two levels were examined 
for evidence of translocation during the 
first season. 

All of the residue studies on potatoes 


were performed by means of bioassay. 
The method used was essentially that of 
Nolan & Wilcoxon (1950) with mosquito 
larvae as the test insect. Floodwater 
aédes, a mixture of Aédes verans and 
Aédes sticticus were used for the analyses 
of the 1950 crop and the Southern house 
mosquito, Culex quinquefaciatus was 
adopted for the 1951 crop. 

The potatoes were sampled in a manner 
which would preclude any contamination 
from the surface since residues of suffi- 
cient magnitude to interfere with the 
bioassay could be expected to be present 
on that portion of the tubers. The raw 
potato tissue was homogenized in water, 
benzene added at the rate of 1 ml. per gm. 
of tissue, and the mixture was shaken for 
one hour on a mechanical shaker. The re- 
sulting emulsion was broken with an- 
hydrous sodium sulfate and the solvent re- 
covered by centrifuging. 


Table 1.—Toxic residuesin potatoes as revealed 
by bioassay with mosquito larvae. 








REsIDUE, PPM 





INSECTICIDE 1950 Crop 1951 Crop? 





0.05 <0.02 
0.03 0.02 
0.08 <0.06 
0.15 0.06 
<0.04 <0.04 
<0.02 <0.02 
EPN 0.01 <0.005 
parathion <0.005 <0.005 
heptachlor'! — 0.18 


aldrin 
dieldrin 
chlordane 
BHC 
toxaphene 
DDT 





1 Treated in 1951. , 
2 Soil treated in 1949 with 10 lbs. per 6-in. acre. 


In confirmation of the observations of 
Nolan & Wilcoxon (1950), it was found 
that the potato extracts carried a natural 
toxicant which interfered with the assay. 
Studies on the elimination of this inter- 
ference revealed that pretreatment of the 
benzene extracts of the potato tissue with 
0.2% sodium hydroxide would remove it 
without apparent damage to any insecti- 
cide residue present. Limited tests sug- 


1 Published as Technical ng Pe 748 with the approval of 


the Director of the Oregon icultural Experiment Station. 
Contribution of the Department of Agricultural Chemistry. 

2 The authors are indebted to W. W. Yates, U.S.D.A., Bureau 
of Entomology and Plant Quarantine for supplying test insect 
eggs. 
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gested that the offending constituent was 
an unsaturated fatty acid such as linoleic 
acid. 

Modifications introduced in the Nolan 
& Wilcoxon (1950) bioassay techniques 
included the use of total lack of movement 
upon stimulation as a criterion of death, 
and 15 ml. assay volumes instead of 50. 
The former modification reduces the sen- 
sitivity of the method but makes it more 
adaptable to routine determinations while 
the second change increases the sensi- 
tivity. 

The lowest concentrations of the vari- 
ous insecticides which could be detected 
in the potato tissue were considered to be 
as follows: aldrin, dieldrin, BHC, DDT, 
and heptachlor, 0.02 ppm; toxaphene, 
0.04 ppm; chlordane, 0.06 ppm; parathion 
and EPN, 0.005 ppm. 

Resutts.—Each assay of treated po- 
tatoes involved four different levels of 
potato extract arranged in a geometric 
progression, e.g. 1, 2, 4, and 8 mls. Each 
level was replicated three times using ten 
larvae per replicate. Two assays were 
performed on each treated sample, one on 
untreated potatoes, and two on standards, 
all using larvae from the same population. 
If an indication of toxicity was found, the 
entire assay was repeated using a fresh 
potato extract and a new population of 
larvae. Thus each sample of potatoes was 
tested with from 240 to 480 larvae. A 
summary of these results is given in 
table 1. 

Soil samples were taken from the test 
plots the spring following the harvest. 
Those treated with the chlorine-contain- 
ing compounds were extracted and an- 
alyzed in duplicate by the total chlorine 
method of Koblitsky & Chisholm (1949). 
Aliquots of the same extracts were taken 
for bioassay, each bioassay being per- 
formed in duplicate at least. The residue 
data obtained from these two methods 
of analysis are listed in table 2. 

Assays were also performed on pota- 
toes grown in soil treated with aldrin at 
two different levels. At 6 lbs aldrin per 
acre, 0.05 ppm was found in the potatoes 
while at 2 lbs aldrin per acre the residue 
was less than the sensitivity of the 
method, 0.02 ppm. In addition to the work 
on potatoes, limited studies were made on 
possible translocation of soil insecticides 
in other crups treated at practical levels. 
These included chlordane-, toxaphene-, 
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Table 2.—Soil residues after treatment in 
spring, 1949, with 10 lbs. of various insecticides 
per 6-in. acre. 








ReEsipvE, ppm, 1950 Resipve, ppm, 1951 
Chem.- Bio- 
INsEcTICIDE Assay assay 
aldrin $8. 0 
dieldrin ‘ 4 
chlordane 5 
BHC 





Chem.- Bio- 
Assay 


2 


5 
0 


3. 

5.5 
2.8 
2.0 
5.8 
2.6 
2.5 


toxaphene 0 
Dpt 4 
heptachlort > 
EPN 2 oe 
parathion 005 _ 





1 Treated in 1951. 


and aldrin-treated carrots, dieldrin-treated 
string beans, aldrin-treated squash, and 
aldrin- and dieldrin-treated tomatoes. 
Interferences were encountered in varying 
degrees, but it can be tentatively stated 
that no detectable residue occurred in 
these cases. 

Discussion.—Biological assay will not 
identify specific compounds and is sus- 
ceptible to variation under conditions 
which are encountered in examining plant 
tissues; nevertheless, the results show 
that limited translocation (or deposition) 
of some soil insecticides does occur in 
potatoes. With the exception of hepta- 
chlor, the toxic residues are insignifi- 
cant. However, attention should be called 
to the fact that the heptachlor results 
were obtained from the first year crop 
while the results from the other materials 
tested at the same rate of application 
were from second and third year crops. 
Since it is well known that BHC and 
parathion show evidence of transloca- 
tion, it is not surprising that other in- 
secticides, though less soluble in water 
would also be taken up by plants to a 
limited extent. 

The question of the completeness of 
the recovery of insecticide residues from 
plant products is a bothersome one. 
Treatment of a product with known 
amounts of insecticides in a manner 
which duplicates the natural situation is 
virtually impossible. An approximation 
was attempted by adding acetone solu- 
tions of DDT and dieldrin to homogenized 
potatoes and allowing them to stand for 
five hours before proceeding with the ex- 
traction. Under these conditions a recov- 
ery of approximately 80% was achieved. 
This should represent the over-all recovery 
of the bioassay since one compares the 
unknowns with standards prepared from 





October 1953 


extracts of untreated potatoes, all further 
errors thus being cancelled. 

A comparison of the bioassay and 
chemical analyses of the soil residues 
shown in table 2 indicates that, in the 
case of BHC and toxaphene, changes are 
occurring which render the insecticide 
less toxic to insects. The other materials 
do not show evidence of degradation to 
less toxic products. The magnitude of the 
original soil residue is not known but 
from the rate of application one can as- 
sume that it was in the neighborhood of 
5 ppm. 

There are some peculiarities in the data. 
For example, the chlordane soil residue 
in 1950 was more than twice as high by 
bioassay measurements as by chemical 
analysis. In 1951, however, the two 
methods revealed about the same level. 
This may be explained as due to a poor 
reference standard used for the 1950 bio- 
assays. A new standard was obtained for 
the 1951 work. The difference between 
the 1950 and 1951 chemical analyses for 
toxaphene cannot be explained. 

The southern house mosquito has been 
found to be well suited for bioassay work. 
It is easily reared in the laboratory and 
has a high tolerance for decaying matter 
in the rearing medium. Techniques for 
storing the eggs have not been estab- 
lished as yet making it necessary to have 
fresh eggs for each assay. This is in con- 
trast to the floodwater species (Aédes), the 
eggs of which can be kept for months in 
cool moist soil. The latter species are more 
sensitive to insecticides, but are difficult 
to rear in the laboratory. 

Mosquito larvae offer several advan- 
tages over other insects used in bioassay- 
ing. They are extremely sensitive to small 
amounts of insecticides suspended in 
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water. They are in direct and constant 
exposure to the material being tested, 
thereby eliminating the uncertainty as- 
sociated with the use of insects which are 
required to crawl on or eat the suspected 
residues. They can be reared easily in 
large numbers with a minimum of care. 
One disadvantage, encountered to some 
extent by other test insects as well, is 
that natural constituents of the materials 
being tested are sometimes toxic. One of 
the most important aspects of bioassay- 
ing is that of eliminating or rendering 
constant the effect of interfering ma- 
terials. One can resort to chromatogra- 
phy, selective extraction, or the proper 
choice of extraction solvents in approach- 
ing this goal. 

SumMARY.—The problem of the trans- 
location of soil insecticide residues in 
crops has been studied using a mosquito 
larvae bioassay method. Residues of 
DDT, BHC, toxaphene, chlordane, al- 
drin, and dieldrin are shown to persist 
in the soil, a sandy loam, for at least 3 
years although toxaphene and BHC ap- 
pear to lose a large portion of their toxic- 
ity during this period. EPN and para- 
thion completely disappear in less than 
3 years after application. 

Heptachlor was found to be deposited 
in potato tubers grown in soil treated the 
same year; aldrin and EPN showed evi- 
dence of deposition as long as 2 years, and 
BHC, chlordane, and dieldrin were found 
in potatoes 3 years after the soil was 
treated. 

Techniques for the bioassay of pota- 
toes are discussed. 

Preliminary examinations do not re- 
veal any evidence of translocation in 
other crops studied. 
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Some Effects of Storage at Different Temperatures on the 
Resistance of the American Roach to DDT! 
Sam C. Munson, Department of Biology, The George Washington University, Washington, D. C. 


Many of the more effective insecticides 
in use today are known to have high 
lipid affinity. It is not, therefore, difficult 
to imagine that the nature of the lipids 
of an insect treated with such an insecti- 
cide might, perhaps, influence the action 
of the poison. Indeed, sites of lipid-in- 
secticide interaction in insects have been 
suggested. 

It has been shown (Munson 1953) that 
the saturation of the total lipids of the 
American roach, Periplaneta americana 
L., as shown by iodine numbers, may be 
markedly influenced by storage at differ- 
ent temperatures. If left at a given tem- 
perature for two or more weeks the 
roaches have lipids with iodine numbers 
as follows: between 17° C. and 27° C. 
iodine numbers range around 72 and show 
no statistical difference; between 27° C. 
and about 32° C. the iodine numbers fall 
rapidly to around 60 and show little fur- 
thur decrease with increase in tempera- 
ture up to 39° C. 

The present investigation was under- 
taken to determine whether or not roaches 
varying in the nature of their lipids would 
also vary in their reaction to the toxic 
effects of 2,2, bis(p-chlorophenyl)1,1,1, 
trichloroethane (DDT) which is known to 
have high lipid affinity. 

One of the earliest theories on the toxic 
action of DDT was set forth by the dis- 
coverers of its toxic properties, Lauger, 
Martin and Muller (1944). This attributed 
the effectiveness of the compound to the 
presence in one molecule of the bis(p- 
chlorophenyl) group which conferred 
toxicity and the trichloromethyl group 
which conferred high lipoid solubility. 
Martin & Wain (1944) were of the opinion 
that the p-chlorophenyl groups were re- 
sponsible for the lipid solubility and that 
the trichloromethy] group was responsible 
for the toxicity. Meanwhile in an address 
delivered in 1945 and published in 1946 
Lauger and his associates redefined the 
“lipoid solubility component-toxic com- 
ponent” theory to “... architecture of 
the molecule.” 

The theories of lipoid solubility have 


been attacked on the basis that some of 
the less effective analogues of DDT are 
more lipid soluble. Brown? (1951) points 
out that while lipoid solubility and the 
contact toxicity of DDT and its analogues 
show no direct relationship it may well 
be that nearly all of these are above the 
threshold of lipo-solubility. 

It is not necessary here to recapitulate 
all the theories of the lethal action of 
DDT. The theory of action as an indiffer- 
ent narcotic, of adsorption on nerves, of 
induced metabolic exhaustion, of disrup- 
tion of some enzyme system, ail permit 
the assumption that at many points the 
lipids of the insect and DDT with its 
high lipid affinity are in contact. In pene- 
trating the cuticle, in entering the lipo- 
protein membrane of cells, in possible 
adsorption onto lipoprotein surfaces, in 
storage in lipids, and probably in its 
relationship to temperature and to en- 
zyme systems DDT may have its action 
modified by the nature of the lipids of the 
insect to which it is applied. 

That temperature profoundly modifies 
the toxic action of DDT is well known. 
Lindquist, et al. (1945) obtained a nega- 
tive temperature coefficient for knock- 
down and kill of house flies exposed to 
DDT, that is knockdown and kill at 
lower temperatures was greater than for 
higher. The temperature at which the 
flies were kept previous to the treatment 
was not given. Potter and Gillham (1946) 
used a beetle, Tribolium castaneum, and 
found that environmental temperature 
before the test did not influence the speed 
of toxic action but cooler conditions after 
spraying did influence the speed of toxic 
action of DDT to these insects. The times 
of exposure to the “conditioning” temper- 
ature before the tests were too brief to 
permit any comparison with the results 
of the present investigation. Other in- 
vestigators, including Hiifliger (1948) who 
used honeybees, Woodruff (1950) who 
used the milkweed bug, Oncopeltus fascia- 

1 This paper is an abridgement of the second half of a thesis 
submitted in partial fulfillment of the requirements for the de- 


gree of Doctor of Philosophy at the University of Maryland. 
2 Chapter 1, 1951. 
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tus Dallas, have reported a_ negative 
temperature coefficient for DDT, Wood- 
ruff used an injection technique. 

Fan et al. (1948) found that with the 
injection of DDT the temperature co- 
efficient was positive but that with exter- 
nal treatment of the larvae of the yellow 
fever mosquito, Aédes degypti (L.), and 
a midge, Chaoborus sp., the coefficient was 
negative in the range 16° to 20° C. Al- 
though these authors used pretreatment 
at various temperatures the times of 
exposure were too brief to be comparable 
with the results of the present investi- 
gation. A proved explanation of this nega- 
tive temperature effect is still unprovided 
(Richards 1951). 

In a very recent paper Vinson & Kearns 
(1952) note that roaches which show 
marked DDT symptoms at a low tem- 
perature will lose these when brought to a 
higher temperature provided the animals 
have not been held too long at the lower 
temperature. They also report a negative 
temperature coefficient of DDT on the 
American roach by injection as well as 
external application. They ascribe a 
lower detoxification potential to the roach 
at 15° C. as compared to 35° C. Sternberg 
& Kearns (1952) report the presence of 
toxins other than DDT in the blood of 
DDT poisoned roaches. 

It is well to recall that DDT is readily 
absorbed into the fats of the mammal, will 
appear in the milk of such, with its toxic 
potency. The reader interested in this 
phase of DDT poisoning is referred to the 
summary by Brown (1951 pp. 504-518); 
and to the recent report of its occurrence 
in human fat by Pearce et al. (1952). 

THE EXPERIMENTAL INVESTIGATION.— 
The general conditions under which the 
roaches were reared, and stored at differ- 
ent temperatures have been described in a 
previous paper (Munson, 1953). Nymphs 
weighing not less than 500 mg. were used 
in the experiments below. After storage 
for sufficient time to bring the lipids to the 
level characteristic for a particular tem- 
perature, that is two weeks or longer, the 
insects were used in the particular ex- 
periments. 

The weight of each insect was deter- 
mined in milligrams and the DDT was 
applied in proportion to body weight. 
After treatment each roach was placed 
in a shell vial covered with a wire net 
cap held in place by a rubber band. The 
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insects of all groups without food or water 
were kept at a room temperature of about 
23°+2° C. (thermostatically regulated) 
and were observed at proper intervals; 
and their toxic symptoms were recorded 
until death supervened. On one or two 
occasions the thermostat was inadvertent- 
ly turned off and for a few hours the tem- 
perature fell lower than was desired; dur- 
ing part of one experiment (noted later) 
the outsided temperature rose high enough 
to elevate the room temperature to about 
27° C. for a day. 

Death was considered to have oc- 
curred when the insect gave no response 
whatever to prodding or jarring. No un- 
treated animals were kept as controls in 
these experiments as the point of primary 
interest was to compare “A” groups of 
insects previously at a warm temperature 
with “B” groups of insects previously at 
a cool temperature when both groups 
were treated with the same dosage of 
DDT and kept at a cool temperature. It 
has been the past experience of the in- 
vestigator, confirmed by repeated experi- 
ments, that roaches under starvation con- 
ditions survive around 700 to 800 hours 
on the average (Yeager & Munson 1945). 
In some experiments controls on the carry- 
ing medium were run. 

In preliminary work various emulsions 
were attempted. However, ultimately, 
only one experiment with an emulsion 
was run. This is experiment 1. This was 
injected by means of a serological pi- 
pette furnished with a glass needle (Yea- 
ger & Munson 1945). The emulsion con- 
sisted of 1 gm. NaCl/100 cc., lanolin 
5 gm./100 cc., “alconox” 0.5 g./100 ce. 
(a detergent) and DDT 1 gm./100 ce. 
As this was not very satisfactory in the 
rest of the experiments the DDT was ap- 
plied in acetone by means of a Leuer 
tuberculin syringe the plunger of which 
was driven by a Spencer rotary micro- 
tome, except that in experiment seven, 
DDT in acetone was applied externally 
by means of the serological pipette. By 
varying the micron setting and the revolu- 
tions of the wheel of the microtome any 
desired dosage could be applied. 

All insects which received external ap- 
plications had the dosage delivered on 
their abdominal terga; all injected ani- 
mals were injected in the coxa-femoral 
joint of the left metathoracic leg. The 
leg was pinched by a pair of forceps as 
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the needle was withdrawn in order to 
minimize the chance of hemorrhage. 

The DDT used was technical DDT with 
a setting point of about 89° C. One may, 
if he wishes, express the dosages in this 
paper in concentrations of DDT with 
108.5 to 109.0° C. melting point by 
multiplying them by 0.7 as about 70 per 
cent of technical DDT is the proper iso- 
mer (Frear 1948 p. 60-61). 

The details for the various experiments 
are given in the tables. Experiments 1, 2, 
7, 8 were the first run and lacking certain 
refinements in technique are perhaps not 
as reliable as the subsequent experiments.® 

ANALYSIS AND Discussion OF RESULTs. 
—QOn the basis of some preliminary trials 
in which the male and female nymphs of 
the roach did not seem to differ very much 
in their resistance to DDT, the earlier 
experiments in this paper were run using 
both sexes in each experiment, but using, 
when they were available approximately 
the same number of each sex in compar- 
able A and B groups. Later it seemed 
apparent that sex difference in nymphs 
were greater and more important than 
was formerly surmised so the later ex- 
periments were run with sexes separated. 
In the 12 experiments in tables 1, 2, 
and 3 in which mixed groups with regard 
to sex were used 168 insects were males 
and 170 were females. Of the 168 males 
9 were median in survival values, 87 were 
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below median and 72 above; in contrast, 
of the 170 females 14 were median, 71 
below and 85 above. This indicates a 
sex difference. The experiments in which 
sexes were separated are in contemporane- 
ous pairs. Thus in table 1, experiments 5 
and 6 are companionate and _ therefore 
comparable; similarly in table 2 experi- 
ments (13, 14); (15, 16); (17, 18) and in 
table 3 experiments (21, 22) are com- 
panionate. In all of these the median for 
the female group exceeds the median 
for the corresponding male group. Finally, 
females and males in experiments 10, 11, 
13, 14, 15, 16 (all with dosage of 60 micro- 
grams/gram of body weight) may be 
grouped for statistical comparison. Of A 
group nymphs 40 females give an arithme- 
tic mean of 360 hours, and 41 males give 
a mean of 245 hours with a difference of 
115 hours. The standard error of the 
difference of these means is 43.9; thus, 
the difference is 2.62 times the standard 
error of the difference, and is concluded 
to be significant. Of B group nymphs 40 
females give a mean of 679 hours and 41 
males a mean of 388 hours with a differ- 
ence between the means of 291. The stand- 
ard error of this difference between means 
is 63.95. Thus for these animals the differ- 
ence between means is 4.55 times the 


3 Experiments 1, 2, 3, 7, 8, 9, 10, 11, 18, were the basis for the 
thesis for which this research was done, the remaining experi- 
ments extended and confirmed the results of these. 


Table 1.—Survival times of roaches previously held at “‘“warm’’ temperatures (groups A) and 
“cool” temperatures (groups B) when injected with DDT and held at 23° C.+2. 








Expt. 2 


3 4 





I DT micro- 


grams/gram 160 


150 








Group B 


A B _- 





Sex: male 
female 


~ 
‘ 


4 


13 
0 


0 
13 


0 


6 
13 


3 





Storage °C 
Time 
Survival 
Time in hrs. 


23 
2 wks. 


34 
2 wks. 


34 17 
2 wks. 2 wks. 





2wks. 2 wks. 


34 23 34 23 
4 wks. 2.5wks. 4wks. 2.5 wks. 


34 





(77)* 123 

86 
88 
144 
168 
384 
816 
936 


Median 


136 
312 
324 
420 
744 
816 
864 


144 
144 
240 
264 
336 


1104 96 





* ( ) interpolated. 
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Table 2.—Survival times of roaches previously held at “warm” temperatures (groups A) and “cool” 
temperatures (groups B) when treated with externally applied DDT and held at 23° C.+2. 








Expt. No. 





DDT micro- 
grams/gram 














female 

: ar 

Storage °C 
Time 





2 wks. 


2 wks. 





Survival Time 72 
in hrs. 20 72 

26 46 120 48 

30 50 144 § 72 

36 50 168 96 

44 62 § § 120 

62 § § 120 

74 144 


"Sodan. 


(89)* 96 216 


100 
100 
103 
104 
112 
120 
136 


103 
122 
125 
125 
125 
140 


216 
240 
264 
840 
840 


2 wks. 8+wks. 


168 456 


) 


8 
g 23 
2 wks. 8+wks. 


2wks. 8+wks. 


34 23 
2 wks. 8+ wks. 


144 120 
168 
216 
384 
648 
672 


696 


184 
288 
388 
504 
528 
552 


120 
144 
216 
240 
240 
288 


288 
312 
312 
460 
528 
624 


120 
240 
312 
336 
360 
360 





288 
312 
312 
336 
336 
388 
714 


672 
720 
744 
840 
840 
840 


772 
796 
796 
820 
844 


552 
648 
696 
720 
744 
840 


312 
312 
336 
360 


792 
816 
816 
816 





Expt. No. 








DDT micrograms 
/gram 











female 





Survival Times 

in hrs. 120 
144 
168 
192 
216 
216 
240 


216 
336 
336 
648 
816 
840 


288 
288 
288 
288 
288 
312 


144 
168 
192 
264 
264 
288 
288 


120 
240 
264 72 
288 216 
372 216 
408 240 


168 
192 
240 
264 
336 





Median 312 912 264 


360 


264 


720 


360 192 264 





984 
1080 
1128 
1200 
1200 
1368 


336 
336 
336 
984 
984 
1368 


288 
288 
312 
360 
456 
936 


288 


384 
408 
696 
744 


264 
288 
936 
1440 


1008 
1104 
1104 
1152 
1224 
1344 


288 
288 
576 
648 
648 
696 
1140 


216 
216 
216 


504 
504 
672 
960 216 
1140 264 
1234 312 
1234 432 


1248 





* ( ) interpolated. 


standard error of the difference and the 
difference is concluded to be highly signif- 
icant. 

In the injection experiments in table 1 
the medians for the B groups are slightly 
higher than the medians for corresponding 
A groups with the exception of experiment 
5. This indicates that the A groups tend 
to be less resistant to DDT than the B 
groups. In three of the first four of these 
experiments the A groups are propor- 
tionately heavier in female roaches than 
the B groups, so it might be considered 
that the B groups are the more resistant 
in spite of this handicap. 

In table 2, only experiments 7 and 8 are 


slightly unbalanced with regard to the 
proportions of each sex. In experiment 8 
and, also, in experiment 14 the A and B 
group medians are equal; in experiment 
17 in which only a few insects are affected 
by the low dosage of DDT the A median 
exceeds the B median; in the other nine 
experiments the B group median exceeds 
the A. This indicates that B group insects 
are more resistant to externally applied 
DDT than are A group insects. As experi- 
ments 10, 11, 18, 14, 15, 16 (dosage 60 
migrograms/gram body weight) are com- 
parable in general conditions, the A 
group and B group females may be com- 
pared and the males may be likewise 
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Table 3.—Survival times of roaches previously held at 34° C. (groups A) and 17° C. (groups B) 
when treated externally with DDT and held at 23° C.+2. 














Group 
Sex: male 
female 


1 wk 
4 wks. 3-5 wks. 


Storage: 
Survival Time in hrs. 60 
60 
72 
108 
120 
120 
144 
168 











5wks. 3-5 wks. 3-5 wks. 


96 

120 48 192 120 
120 216 192 144 
120 216 240 168 
144 216 240 

144 216 312 

168 216 





Median (192)* 168 





216 

240 168 
240 168 
288 192 
288 192 
312 216 
408 240 
570 


192 264 336 

384 
216 384 360 
240 456 648 
240 1080 912 
240 1008 
264 











*( ) interpolated. 


treated. The 40 females which had been 
stored at 34° C. (groups A) give an arith- 
metic mean of 360 hours with a standard 
deviation of 257; the 40 females which 
had been stored at 23° C. (groups B) give 
a mean of 679 hours with a standard 
deviation of 336. The difference between 
the means for A and B females is 319 
hours with the standard error of this dif- 
ference 66.4. Thus the difference between 
the means is 4.8 times the standard error 
of the difference; therefore, the difference 
must be concluded to be highly significant. 
For 41 A group males the mean is 245 
with a standard deviation of 106; for 
40 B group males the mean is 388 with a 
standard deviation of 231. The difference 
between these two means is 143, and the 
standard error of this difference is 40.1. 
As the difference between the means is 
3.55 times the standard error of the differ- 
ence, the difference must also be regarded 
as highly significant. From these experi- 
ments in table 1 and 2 it is concluded that 
B group roaches are more resistant to 
DDT, either applied externally or in- 
jected, than are A group roaches. 

The B groups in experiments 1 and 4, 
table 1, and in experiment 7, table 2, were 
stored at 17° C. In addition the six B 
groups for the four experiments in table 3 
were stored at 17° C. for varying times 
and in some cases were subsequently 
stored for certain periods at 23° C. In 


those experiments, 1, 7, and 20Bs, in which 
the B groups were stored at 17° C. for 
two weeks the B groups are, as is indicated 
by the medians, slightly more resistant 
than the corresponding A groups. If 
stored at 17° C. for longer than 2 weeks 
(experiments 19, 20B3, with experiment 4 
slightly contradictory) the B group is 
no longer more resistant than the A group 
but appears to be somewhat less so; if, 
after prolonged storage at 17° C. the B 
groups are held 2 weeks at 23° (experi- 
ments 21, and 22) they appear about equal 
to, or slightly more resistant than the A 
roaches. It is thus indicated that too long 
a storage at 17° C. lessens the resistance of 
the roaches. Prolonged storage at 23° C., 
however, seems to enhance the resistance 
as is seen in experiments 10 and 11 wherein 
are found the greatest differences between 
A and B group roaches. 

As stated above, it has been shown 
(Munson 1953) that the saturation of the 
lipids of a roach is affected by the ambient 
temperature. There are then two clearly 
demonstrable facts: 1. Roach nymphs 
kept at 34° C. for a few weeks have total 
lipids with an iodine number around 60, 
while roach nymphs kept at 23° C. for 
a few weeks have total lipids with an iodine 
number around 72. 2. The 34° roaches 
are less resistant to externally or internally 
applied DDT than are the 23° C. roaches. 

There is not any proof of course, of a 
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direct connection between these two facts, 
yet, assuming relevancy the question 
arises: How can the more saturated lipids 
‘ause an applied dosage to be more toxic? 
The answer probably lies in the solubility 
of DDT in the lipids. If DDT is less solu- 
ble in the more saturated lipids, it will 
be more toxic in the sense that it may 
accumulate in a greater amount at a site 
of toxie action rather than be taken up 
in the reserve fats. Expressed in another 
way, the 34° C. roaches have in effect 
been poisoned by DDT at a temperature 
which with regard to their lipids is physi- 
ologically lower than the temperature for 
the 23° C. roaches, although the roaches 
were actually poisoned and held at the 
same temperature (23° C.+2°) after treat- 
ment. The DDT may then be considered 
to be showing a “negative coefficient” 
in the 34° C. roaches. 

For this explanation to hold it is nec- 
cessary for the solubility of DDT in the 
reserve fats to be more readily influenced 
by temperature than its solubility or, 
perhaps, its rate of adsorption at some 
site of lethal action. The slope of the 
curves for the solubility of DDT in vari- 
ous solvents, determined by Gunther and 
given by Frear (1948, p. 63), clearly indi- 
cates that the solubility of DDT in some 
solvents increases markedly with increas- 
ing temperatures; with others it does not 
change much in a comparable tempera- 
ture range. Indeed, compared to some of 
its more lipid soluble analogs, DDT may 
be more toxic because it is not too lipid 
soluble. 

The experiments above in which the 
more massive doses were applied seem 
to be more different in survival rate in 
the earlier period than in the latter period 
of the experimental survival time. As the 
insects were kept after treatment with 
DDT under conditions of starvation this 
trend could be due to DDT being expelled 
from depot fat as this became mobilized 
for energy. This in effect would add to the 
amount of DDT available for action in 
the poisoning process. It was noted, in 
observing the roaches which, apparently, 
were approaching death from starvation 
long after treatment with a low dose of 
DDT, that some would show DDT 
symptoms. 

Moreover, that DDT is present in the 
roach, probably in the lipids, was shown in 
those few cases in which the temperature 
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at which the insects were held after treat- 
ment rose or fell for brief periods outside 
the characteristic range. Some insects 
not showing symptoms exhibited them on 
a fall in temperature; some insects with 
symptoms lost them with a rise in tem- 
perature. Experiment 22 was influenced 
for a short while by such a drop in tem- 
perature; in experiment 14 for about a 
day the temperature was about 26° C. 
Apparently 23° is a somewhat critical 
temperature. Vinson & Kearns (1952) 
have reported a reversal of symptoms 
with change in temperature. Apparently 
the recovery does not occur if the insects 
have been too long at the low tempera- 
ture. This relation of a symptomatic 
stage to ultimate death for the insect is 
reminiscent of the early observation by 
Yeager & Munson (1949) of a constant 
time interval between knockdown and 
death in DDT poisoned house flies. 

This theory of the reserve fats acting 
as a competitive site can also explain 
why differences between A and B groups 
by injection are obviously not as great 
as by external application. In injection 
the whole dose appears at once in the 
hemocoel furnishing a steep gradient to- 
ward the tissue concerned in the lethal 
action. When applied externally, the 
poison would gradually enter the hemocoel 
and probably could be preferentially ab- 
sorbed by the fats, both those of the integ- 
ument and the fat body. 

This theory of uptake of DDT by depot 
fats can also account for the lowered re- 
sistance of roaches stored at 17° C. for 
periods longer than two weeks. It has 
been observed that such insects grow 
more slowly and eat less than those at 34° 
C. or 23° C. (Munson 1953). Thus in spite 
of the fact that their lipids are less satur- 
ated than those of 34° C. roaches, longtime 
17° C. roaches are less resistant to DDT, 
probably, because of a nutritional defici- 
ency, either in the total quantity of their 
lipids, or in some other factor concerned 
in resistance to DDT. 

It has been shown (Munson 1953) that 
the lipids of nymphs of both sexes are 
saturated to the same degree at the same 
temperature; so, the question arises: do 
the sexes differ in their resistance because 
of a quantitative difference in their lipids? 
The approximate data reported by Mun- 
son indicates a slight variation in quantity 
of lipids: the males having 6.6 per cent 
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of wet weight and the females 6.8; but 
this slight difference can hardly be con- 
sidered reliable without further verifica- 
tion. The females (in experiments 6, 15, 
16, 17, 18) that do not die from DDT 
poisoning but rather seem to succumb to 
death from starvation seem to live longer 
than males likewise apparently dying 
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insects to DDT. 

SUMMARY AND CoNncLusions.—Large 
nymphs of the American roach have been 
stored at pretreatment conditioning tem- 
peratures and then treated with suitable 
doses of DDT by external application or 
by injection, after which they were kept 
at 23° C+2° under starvation conditions 


from starvation in the same experiments. until death. 


This suggests that the males may have Female nymphs are more resistant to 
slightly lower fatty reserves than the fe- DDT than are male nymphs. 
males. If there is no difference in the quan- Roaches stored at temperatures which 


tity of lipids in the sexes then their dif- produce relatively saturated lipids are 
ference in resistance to DDT would de- markedly less resistant to DDT than are 
pend on some other factor, detoxification roaches stored at temperatures which 
or excretion proportionately greater by produce relatively unsaturated lipids. 
females or the preponderance in females of Roaches stored for too long a period of 
a substance, perhaps, one intimately re- time at a very low temperature acquire a 
lated to the actual lethal process. This ‘“‘deficiency’’ rendering them less resistant 
question will be returned to in a subse- to DDT. 

quent paper dealing with total lipids in A theory to explain these results is 
the adult roach and the resistance of these _ offered. 
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Control of the European Chafer, Amphimallon majalis 


Raz., in Turf! 


F. L. Gamprewt, N. Y. State Agr. Expt. Sta., Geneva, N.Y. 


The European chafer, Amphimallon 
majalis Raz., is a relatively new pest of 
turf in North America. The insect is a 
fairly typical June beetle, and conse- 
quently the larval stage is a white grub 
which closely resembles the larvae of na- 
tive species of this group. The adult is 
light tan in color and approximately 0.5 
inch long. It belongs to the family Scara- 
beidae, sub-family Melolonthinae. 

Recognition of the species in this coun- 
try and turf damage associated with it 
date back to 1940 (Gambrell et al., 1942). 
At that time known turf damage was 
limited to several small lawns in Newark, 
N. Y., but by the fall of 1941 more exten- 
sive damage was noted in several sections 
of this village. By 1952 it was estimated 
by the N. Y. State Plant Industry Bureau 
that approximately 500 square miles was 
known to be infested by the European 
chafer in New York. With the exception of 
one small, incipient infestation found in 
Onondaga County near Camillus, N. Y. 
in 1952, all of the known area of infesta- 
tion is located contiguous to that of the 
original area and occupies parts of Wayne, 
Ontario and Monroe Counties. In addi- 
tion, an infestation was found at Meriden, 
Connecticut, during 1951; an eradication- 
control program has been initiated by 
regulatory officials in that state. 

Insury AND Host PLants.—Injury to 
turf and other plants is caused by the 
feeding of the grubs on the roots. Only 
minor adult feeding on foliage has been 
observed. Occasionally a trace of chloro- 
phyll may be observed in the alimentary 
tract of adults. This indicates that some 
limited feeding on foliage occurs. The 
adults have well developed mouth parts 
which are apparently functional (Butt 
1944). It may be that adults feed on the 
roots of plants while in the soil, but direct 
evidence on this point is unavailable. 
Reference has been made in earlier publi- 
cations to larval feeding on a number of 
both wild and cultivated plants (Gam- 
brell, 1943; Schwardt and Whitcomb, 
1943). Lawn grasses, such as redtop, rye- 
grass, bluegrass, bents, fescues and clover, 
are readily attacked by the grubs, and 


also such common lawn weeds as plan- 
tains, dandelion and yarrow. 

Previous Work, MaArerIALS AND 
Mernops.—The first treatments for the 
control of this pest in North America were 
begun in the spring of 1940 using lead 
arsenate as a soil treatment against the 
larvae at rates of 500 and 1,500 pounds 
per acre. In 1943 calcium arsenate was 
also tested. Both materials proved rather 
slow-acting but eventually gave fair to 
good control and provided satisfactory 
protection to turf (Gambrell & Buchholz, 
1942; Gambrell, 1946). With the advent 
of DDT in 1944 this material was tested 
against both the adult and grub stages. 
It proved toxic both to third instar grubs 
and to adults resting on DDT-treated 
foliage. In preliminary tests, both in the 
greenhouse and the field, DDT showed 
rather slow action against third instar 
grubs but gave a greater reduction in grub 
population than did lead arsenate for a 
comparable period (Gambrell, 1946). Re- 
peated tests in the greenhouse, insectary 
and laboratory have shown that DDT dis- 
plays slow action against third instar 
grubs at rates of either 25 or 50 pounds 
per 3-inch acre, but at the same rate it is 
very effective against both first and second 
instar grubs. In fact, DDT at 5 pounds 
per acre is very effective on first instar 
larvae, and at 10 pounds or more per acre 
it affords satisfactory control of second 
instar grubs. The slow rate of action of 
DDT at the lower rates on third instar 
grubs is in striking contrast to that of 
such chemicals as aldrin and dieldrin at 6 
pounds, heptachlor and lindane at 5 
pounds, and chlordane at 10 pounds per 
3-inch acre. This fact has been demon- 
strated both in the laboratory and under 
field conditions on turf. These laboratory 
studies are being conducted as part of a 
cooperative project with the U.S. Bureau 
of Entomology and Plant Quarantine, and 
detailed data on this work will be reported 
at a future date. Burrage & Gyrisco 
(1952) also report favorable results with 
dieldrin and aldrin at 1 pound, BHC at 2 


1 Journal Paper No. 926, New York State Agricultural Experi- 
ment Station, Geneva, N. Y., March 23, 1953. 
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Table 1.—The influence of ground cover on the seasonal history and development of the European 


chafer during 1952 at Marion, N. Y 








A. Per Cent or DIFFERENT STAGES OF THE INSECT PRESENT IN 
































I. Short Grass II. Long Grass 
DatTEs — —~- 
OBSERVED Larvae Prepupae Pupae Adults Larvae Prepupae Pupae Adults 
May 13, 1952 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 
26 17.9 82.1 0.0 0.0 31.8 68.2 0.0 0.0 
June 2, 1952 0.0 25.0 75.0 0.0 5.7 40.0 54.3 0.0 
6 $3.7 0.0 96.3 0.0 §.1 15.4 79.4 0.0 
12 0.0 0.0 100.0 0.0 0.0 0.0 96.1 3.9 
16 0.0 0.0 38.9 61.1 9.5 0.0 64.3 26.7 
24 0.0 0.0 28.5 3 8.0 0.0 12.0 80.0 
B. Per Cent or DirFERENT LARVAL InsTARS PRESENT 

First Second Third First Second Third 

July 15, 1952 100.0 0.0 0.0 100.0 0.0 0.0 

28 28.5 71.4 0.0 71.8 28.1 0.0 

Aug. 12, 1952 4.6 95.4 0.0 &.2 Py 0.0 

22 0.0 92.3 5 0.0 92.2 Py | 

29 0.0 100.0 0.0 0.0 80.9 19.0 

Sept. 3, 1952 0.0 44.4 55.5 0.0 53.8 46.1 

8 0.0 66.6 33.3 0.0 1.5 98.4 

22 0.0 4.5 95.4 0.0 0.0 100.0 

Oct. 9, 1952 0.0 0.0 100.0 0.0 0.0 100.0 





pounds, and DDT at 5 pounds per acre in 
pasture sod two years after treatment. 
SeasonaL History AND Hasits.— 
The rate of development and appearance 
of the different stages of the insect may 
vary from year to year depending upon 
seasonal weather conditions (Tables 1 
and 2). A knowledge of insect activity 
is extremely important in carrying out 
control programs. The grubs pass through 
three instars between about the first of 
July and early October, although a small 
percentage of the larvae may overwinter 
in the second instar stage. It will be seen 
in table 1 that transformation of larvae 
to pupae and aduits proceeded more 
rapidly where the grass was mowed short 
than for long, unmowed grass. The same 
relationship held true with young larvae 
during the summer months. It will also 
be seen in table 2 that after late May, on 
approximately the same dates during 1951 
and 1952, there was a noticeable differ- 
ence in the proportion of eggs, larvae, 
pupae and adults. The hot, dry period, 
beginning in early June and extending 
through most of the summer of 1952, 
apparently speeded up development. This 
fact was noted in adult activity. Initial 
emergence in 1952 began on about the 
average date, but with continued hot 


Table 2.—A comparison of rate of development 
and appearance of the various stages in the life 
history of the European chafer during two differ- 
ent years, Marion, N. Y. 








A. Per Cent or DIFFERENT 
STAGES OF THE INSECT 

















DatTEs Pre- 

OxpsERvVED Larvae pupae Pupae Adults 
5/25/51 39 57 4 0 
5/26/52 32 68 0 0 
6/ 5/51 26 35 39 0 
6/ 6/52 5 15 80 0 
6/18/51 3 0 30 67 
6/16/52 10 0 66 sil 
B. Per Cent or Eaas AND 

DIFFERENT INSTARS 

First Second Third 

Eggs Instar Instar  Instar 
7/23/51 17 83 0 0 
7/28/52 0 72 28 0 
8/ 1/51 1 99 0 0 
8/ 7/52 0 0 100 0 
8/30/51 0 1 99 0 
9/ 3/52 0 0 52 48 
9/17/51 0 1 83 16 
9/17/52 0 0 1 99 
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weather over a period of two weeks, the 
peak of adult activity had passed in some 
areas as contrasted to at least three weeks, 
or more, of heavy flights under cooler 
weather conditions in other years. 

Turr ExprerIMENts IN 1945.—On Sep- 
tember 22, 1945, DDT, both as an emul- 
sion and a wettable powder, was applied 
at rates of 25, 50 and 200 pounds per 3- 
inch acre on turf at the Newark Country 
Club, Newark, N. Y. Lead arsenate was 
used at rates of 500 and 1,000 pounds per 
acre. Insecticides were applied with a 
power sprayer at 200-300 p.s.i., using 
approximately 1,500 gallons of water per 
acre. Plats were 15 X 15 ft. in size, and 
each treatment was replicated twice in a 
random design. Approximately 50 per 
cent of the larvae had transformed to the 
third instar stage at time of treatment. 
The rate of infestation in the experimen- 
tal area was quite low in the fall of 1945, 
and no population-digging records were 
made. By the fall of 1946, however, the 
grub population was higher, and records 
were obtained as shown in table 4. 

TurrF EXPERIMENTS IN 1948.—A 
heavily infested turf located at Palmyra, 
N. Y., was treated on April 16, 1948, 
using a power sprayer at 200 to 300 
p.s.i. and applying approximately 1,500 
gallons of water per acre. The soil was 
that of the Ontario and Palmyra series. 
Third instar larvae were quite near the 
surface and were feeding on the grass 
roots at the time of application. The fol- 
lowing insecticides were applied on single 
plats 25 XK 125 ft. in area and diluted on a 3 
inch basis: DDT, 25 and 50 pounds; ben- 
zene hexachloride, 5 pounds; chlordane, 
10 pounds; parathion, 15 pounds. Square 
foot diggings were made at several weekly 
intervals following treatment to determine 
the rate of reduction in population as 
shown in table 3. Records were also taken of 
the effect of these chemicals on forcing 
grubs to the surface. After one week it was 
noted that on both the DDT and the 
chlordane treatments numerous moribund 
or affected grubs were present on the sur- 
face of the soil, while in the BHC and 
parathion plats only a very few grubs 
came to the surface. The effectiveness of 
these materials on third instar grubs in 
turf was quite evident one month after 
treatment (Gambrell, 1948), and records 
on the 1949-50 brood of grubs, 17 months 
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Table 3.—The rate of kill by several insecti- 
cides on third instar European chafer grubs in 
turf. Materials applied as a surface spray on 
turf, April 16, 1948, Palmyra, N. Y. 








Per Cent RepuctTion 
GruB PoruLaTION, 
Weeks AFTER 








TREATMENT 
Las. / ~— 
MATERIAL ACRE 1 Q 5 
DDT, 50% w.p. 25 2 18 78 
Chlordane, 50% w.p. 10 30 76 83 
BHC, 6% 7, w.p. 5 38 48 82 
Parathion, 25% w.p. 15 92 94 97 





later, also showed good control (Table 4). 
Turr Tests 1N 1949.—During the 
spring of 1949 further field plats were 
established in the same area as those re- 
ported in the 1948 experiment. Applica- 
tions were made with a power sprayer in 
a similar manner to that described above. 
Three replicated, randomized plats 15 X15 
ft. in area were treated with the following 
materials on April 21: DDT at 25 and 50 
pounds per acre; lead arsenate at 500 and 
1,000 pounds per acre; and chlordane at 
10 pounds per acre. Five one-square foot 
diggings were made in each replicate on 
the 1949-50 brood of grubs on October 4. 
Practically all the grubs had transformed 
to the third instar on this date. By the fall 
of 1950, following extensive DDT treat- 
ments in this area, the population level 
was too low to provide any useful records, 
and the experiment was abandoned. 
Turr Tests 1x 1951.—In 1951 an ex- 
cellent opportunity was afforded of estab- 
lishing a long-term soil treatment experi- 
ment in an unused portion of a cemetery 
at Marion, N. Y. Plats 25 X 25 ft. in 
area, randomized and replicated four 
times, were laid out and treatments ap- 
plied on June 6, 1951. A power sprayer 
operating at 200-300 p.s.i., with a broom- 
type spray gun containing 4 nozzles, was 
used to apply the wettable powder insecti- 
cides on the grass. Approximately 1,750 
gallons of water were used on an acre 
basis. Materials such as lindane, chlor- 
dane, aldrin, dieldrin, heptachlor and 
DDT, which had shown promising results 
on first, second and third instar larvae 
in the laboratory, were applied at two 
rates to determine their effectiveness and 
persistence under turf conditions. The 
soil in the experimental area is very 
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Table 4.—The effect of various soil-turf treat- 
ments on control of the European chafer grubs 
from 1946 to 1952 when applied as a water 
suspension or emulsion with a power sprayer at 
200-300 p.s.i. on the surface of grass. 








Per Cent 
Averace No. Repvuction Grus 
GRUBS PER 8Q. FT., PopuLaTION, 
’eARS AFTER Years AFTER 
Las or TREATMENT Trea ATMENT 
AcTUAL —— —- —- 
MATERIAL /ACRE First Second F iret "Second 


'_ 1945 —Newark ( ountry Cc wy Nowak. N. “Y. — 
Treatments applied Se ptember 22. 


DDT, 50% w.p. 25 . ».39 -- 93.9 
50 — 0. 16 — 98.1 
200 — 0.0 — 100.0 
DDT, em. 25 ~- 0.05 -= 99.2 
50 —_— 0.0 _— 100.0 
200 — 0.0 _ 100.0 
Lead arsenate 500 -- 0.83 ~- 87.1 
1,000 = 0.0 — 100.0 
Check 0 — 44 — —_ 
II. 1948—Palmyra Cemetery—Tre: atment applied April 16, 
DDT, 50% w.p. 25 0.3 0.5 98.4 95.3 
50! 0.1 1.9 99.4 82.2 
BHC 5 0.0 0.0 100.0 100.0 
Chlordane 10 0.0 0.0 100.0 100.0 
Parathion 2.5 — — — -- 
v > — om a» 
15 0.0 1.1 100.0 89.7 
Check 0 19.9 10.7 - 
ite 1949—Palmyra Cemetery—Tre: atme nts applied April 21. 
DDT, 50° w.p. 25 1.13 0.0 89.4 100.0 
50 1.06 — 90.0 
Chlordane 10 0.06 0.0 99.3 100.0 
Lead arsenate 500 0.46 0.0 94.5 100.0 
1,000 0.06 aa 99.3 a 
Check 0 10.73 1.6 — — 
IV. 1951—Marion Cemetery,—Treatments applied June 6. 
DDT, 50% w.p. 25 3.05 2.60 71.2 40.92 
50 3.50 1.35 66.9 69.3 
Lindane, 2.5 0.15 0.95 98.5 78.4 
25% w.p. 5 0.0 0.0 100.0 100.0 
10 0.05 0.05 99.5 98.8 
Chlordane, w.p. 10 0.70 0.10 93.3 97.7 
20 0.0 0.0 100.0 100.0 
Dieldrin, w.p. 3 0.0 0.0 100.0 100.0 
6 0.0 0.0 100.0 100.0 
Aldrin, w.p. 3 0.20 0.15 98.1 96.5 
6 0.0 0.10 100.6 97.7 
Heptachlor 2.5 0.0 0.0 100.0 100.0 
5 0.15 0.0 98.5 100.0 
Check 0 10.60 4.40 _— — 





1 Commercially applied. 

2 The results obtained with DDT in this test are not at all 
typical of those observed in any previous experiment and should 
not be considered as a true picture of the effectiveness of DDT 
at the rates indicated in the table. The exact cause for this varia- 
tion in control has not been determined, but the following possi- 
bilities should be considered: (1) Soil type and moisture condi- 
tions. The soil is very porous and gravelly in nature, and be- 
comes excessively dry during periods of deficient rainfall. This 
situation apparently forces the larvae to move downward pos- 
sibly to a point below the zone where DDT is present. This 
factor would be particularly critical where first and second instar 
larvae are involved. (2) Amount of DDT found in those plots by 
analysis. Samples of soil were taken in these plots for analysis 3 
and 15 months after the treatment was applied. Only one-third 
of the initial amount of DDT applied was found present in the 
0-3” soil level. Analyses were made by Dr. G. L. Mack, Division 
of Food Science and Technology of this Station. 


gravelly and porous in nature and is re- 
ferred to on the Soil Survey map of Wayne 
County, N. Y., 1923, as the gravelly 
phase, Palmyra fine sandy loam. This soil 
drys out quite rapidly in the summer 
months during hot, dry periods, and it is 
difficult to either make diggings or to 
find larvae among the grass roots near the 
surface, except after soaking rains. The 
grub population level was higher in and 
adjacent to the experimental area during 


,CONOMIC ENTOMOLOGY 


Vol. 46, No. 





1951 than in 1952, part of which may be 
attributed to the turf areas that were 
treated experimentally or privately dur- 
ing these 2 years. 

Five randomized square foot diggings 
were made in each replicate of each treat- 
ment and the untreated checks in the falls 
of 1951 and 1952 to determine the grub 
population. The summarized results are 
shown in table 4 

Discussion oF Resutts.—Information 
obtained in the fall of 1946 showed signifi- 

vant reduction in grub population when 
DDT was applied on turf one year previ- 
ously at the rate of 25 pounds or more 
per acre. Control was equal to that ob- 
tained with lead arsenate at the rate of 500 
pounds per acre. 

Preliminary field tests in the spring of 
1948 with benzene hexachloride at 5 
pounds, chlordane at 10 pounds, and 
parathion at 15 pounds per acre displayed 
as good control of old third instar grubs 
on turf as did DDT at 25 pounds per acre; 
also, all these chemicals except parathion 
showed good residual action 18 months 
following treatment. Parathion at the 
rates of 23 and 5 pounds per acre, applied 
in the spring of 1948, gave 63 and 96° 
control, respectively, on the succeeding 
brood of grubs (1948-49) approximately 6 
months after application. 

Results obtained in 1949 with DDT at 
25 and 50 pounds, chlordane at 10 pounds, 
and lead arsenate at 500 and 1,000 pounds 
per acre on turf were quite satisfactory 
during the first and second years follow- 
ing treatment and were comparable to 
data obtained in previous experiments. 

In treatments applied in June of 1951, 
very satisfactory control was obtained on 
the 1951-52 brood of grubs with lindane, 
chlordane, aldrin, dieldrin, and hepta- 
chlor. There appeared to be no loss in 
effectiveness of these materials during the 
summer and fall of 1952 on the 1952-53 
brood of grubs, with the possible exception 
of lindane and aldrin at the lowest level 
used. However, the results with DDT 
in this test were neither completely satis- 
factory nor even typical of data obtained 
in any of the previous treatments, al- 
though turf was protected to the extent 
that visible injury did not occur. See 
footnote following table 4 for further 
discussion on this point. A surface appli- 
cation of insecticides on established turf 
is considered to be a more severe test of a 
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soil treatment than where chemicals are 
thoroughly incorporated in the soil prior 
to seeding or planting of nursery stock. 
Therefore, further grub control records 
and soil analyses data will be taken during 
1953 from these and other treated areas 
to provide information on the efiective- 
ness and persistence of the various insecti- 
cides as applied on turf. 

SumMARY.—The rate of development 
of the various stages of the European 
chafer is affected by seasonal conditions. 
Field observations indicate that pupation, 
adult emergence and the appearance of 
the different instars proceed more rapidly 
during extended hot periods than in cool, 
wet weather. 

Beginning with experiments in the fall 
of 1944, repeated tests have shown that 
DDT applied at the rate of 25 pounds or 
more per 3-inch acre has afforded protec- 
tion of turf from damage by grubs of the 
European chafer. The degree of control 
has varied somewhat in the different tests 
and from season to season in a given ex- 
periment. It is believed that soil tempera- 
ture, moisture content, ground cover and 
soil type all exert influence on the activity 
of the grub with respect to the feeding 
zone and consequent grub control. Data 
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presented in table 4, part IV for the 1951 
experiment, are cited as one example. 
Based on the amount of DDT found by 
soil analyses, it was apparent that ade- 
quate DDT levels were present in these 
plots in the 0 to 3-inch soil layer to control 
first instar grubs, but below the level 
needed to control second and third instar 
larvae. The vertical distribution of grubs 
in relation to the insecticide level in the 
soil, the particular instar present, and the 
amount of DDT present are all important 
factors in control. Lindane at the rate of 
2.5 pounds per acre showed somewhat less 
control in 1952 than in 1951, but there 
was no apparent reduction in control 
when this material was used at 5- and 10- 
pound rates per acre. Chlordane, aldrin, 
dieldrin and heptachlor in the same test 
showed good control of the second brood 
of grubs following treatment. All of the 
chlorinated hydrocarbons tested have 
proved quite toxic to first, second and 
third instar grubs. Two to ten times as 
much DDT are required to obtain control 
as with chlordane, lindane, dieldrin and 
heptachlor. However, the long persistence 
of DDT in the soil as compared to some 
of the other materials is a point that 
should not be minimized. 
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Control of the Green June Beetle as a Pest 
of Ladino Clover"? 


W. L. Howe,* Virginia Agricultural Experiment Station, and W. V. Campse.t,’ Virginia Agricultural 
Experiment Station, and U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The green June beetle, Cotinis nitida 
(L.), is currently a serious pest of Ladino 
clover in Virginia and other southeastern 
States. The increasing importance of this 
insect as a pasture pest has closely paral- 
leled the expanding use of this clover in 
pastures within the insect’s normal range. 
Many valuable pastures in the Tidewater 
area of Virginia have been plowed up 
after forage stands were nearly destroyed 
by constant disturbance of their root sys- 
tems by enormous numbers of burrowing 
larvae. A single l-acre pasture lot, lo- 
cated at the Tidewater Field Station, 
averaged nearly 14 grubs per square foot. 
Many farmers requested recommenda- 
tions for control of green June beetle 
larvae; therefore preliminary trials were 
conducted in 1951 and followed in 1952 
with more extensive tests. This paper re- 
ports observations of injury and results 
of field trials conducted during this period. 

Description oF INsury.—Larval dam- 
age to Ladino clover, as in the case of 
other susceptible plants, consists of up- 
rooting or loosening of the roots by ex- 
tensive larval burrowing in the upper 3 
or 4 inches of the soil. Larvae do not at- 
tack plants directly, but burrow in search of 
dead organic matter on or near the soil 
surface. Ladino clover expands its growth 
by sending out stolons (runners) from 
which nodal roots arise. These more shal- 
low roots are usually first to succumb to 
the loosened soil condition or often cannot 
become established at the time they de- 
velop. This reduction of the effective root 
system prevents the plants from spread- 
ing and maintaining thick stands. The 
damage to the stand is usually greater in 
lighter soils where grubs are more active, 
and where soil moisture for good growth 
is frequently deficient during dry weather. 
A prolonged loosened soil condition is also 
unfavorable for the establishment of new 
plants from both natural and artificial 
seeding. Such conditions favor the en- 
croachment of Ladino by weedy plants. 

Injurious infestations deplete the soil 
of all visible non-living organic soil litter 
such as stems, leaves, and dead roots. 


~ 


( 


Grubs also consume decayed animal drop- 
pings and corncobs which are often scat- 
tered over pastures. That grubs can exist 
adequately on dead but not decayed plant 
matter was demonstrated when they were 
easily reared in small boxes of soil and fed 
only fresh alfalfa meal at frequent inter- 
vals (Howe & Campbell, 1953). 

Adult females, apparently attracted by 
the highly nitrogenous nature of Ladino 
clover plant residues, prefer to oviposit 
near this excellent source of larval nutri- 
ment. Large numbers of beetles in mating 
and oviposition flights are frequently ob- 
served over Ladino clover pastures in 
early July. Two or 3 year old pastures are 
usually more attractive to ovipositing 
females than newly planted pastures, 
probably due to the greater accumulation 
of plant residues. Lighter soils are pre- 
ferred over the clay types. 

The typical pulverized soil condition 
usually becomes noticeable in heavy 
clover stands as the second stage grubs 
approach maturity during mid and late 
August. The third instar grubs are by far 
the most injurious to Ladino clover, due 
to their greater size and extended period 
of activity which continues from early 
September to mid October and from early 
April until pupation in mid May. 

Swine, unless properly ringed, may de- 
stroy remaining forage stands by rooting 
for the large grubs which they relish as 
food. These grubs serve as intermediate 
hosts for the thorny-headed worm, Macra- 
canthorhynchus hirudinaceus, an internal 
parasite of swine. 

Meruops AND Marertats.—Varia- 
tions in formulations, insecticides and 
timing of applications were used. In- 
secticides were applied to the pasture 
with the primary purpose of placing toxic 
concentrations on the soil surface. For 
this reason greater attention was devoted 
to formulations which would fall through 


1 Approved for publication as a Journal Series paper by the 
Director of the Virginia Agricultural Experiment Station. 
2A cooperative project with the Bureau of Entomology and 


Plant Quarantine. — ‘ 
3 Now entomologist with the Bureau of Entomology and Plant 


Quarantine. 
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foliage to the soil, with the hope of ob- 
taining not only increased effectiveness, 
but also little or no toxic residue on the 
foliage. These formulations consisted of 
insecticides incorporated in fertilizer or 
impregnated in granulated carriers. Also 
compared with these were the conven- 
tional spray and dust mixtures. 

Two time schedules for application of 
insecticides were utilized. In the first, 
which consisted of treatments before the 
egg-hatch, insecticides were applied dur- 
ing late June or early July with the intent 
of tesiing their performance against newly 
hatched grubs during the entire hatching 
period. In these, single applications of 
residual type insecticides were made. 
Frequently these treatments were made 
during the early portion of the oviposi- 
tion period when large numbers of beetles 
were in flight over the pasture. Infesta- 
tions were more certain to develop under 
those conditions. Aldrin, dieldrin, hepta- 
chlor, lindane and toxaphene were tested. 
Rains usually leached a portion of these 
insecticides into the soil within a week or 
10 days. 

In the second schedule, materials were 
applied during the 4- or 5-week period 
beginning after most eggs would normally 
have hatched. This period extended from 
late August through most of September 
when most larvae were in the third instar. 
Single applications and varied formula- 
tions of two potent quick-killing insecti- 
cides, parathion and methyl parathion, 
were compared. Larvae came in contact 
with the toxicants during the night when 
they normally craw] about on the soil sur- 
face. 

Replicated and non-replicated tests 
were conducted. Individual plots varied in 
size. They were usually 20 feet wide and 
at least 100 feet long. Materials were more 
frequently applied with large scale appli- 
cation equipment. Broadcast treatments 
with fertilizer were made with a standard 
type lime spreader. Granular materials 
were applied with a lime spreader or 
power and hand dusters. Sprays were 
applied with a conventional piston pump 
high pressure skid-type sprayer mounted 
on the rear of a pickup truck. Liquids 
were applied at a pressure of 100 pounds 
per square inch from “T” jet nozzles 
spaced 18 inches apart on an 18-foot 
boom. 

DETERMINATION OF LARVAL PopPULA- 
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TION.—Simple sampling methods were 
used to determine larval populations in 
the plots. Five to twelve sample areas, 
each 4 square feet in area, number de- 
pending upon plot length, were selected 
by dropping a 2 by 2 foot frame at pre- 
determined intervals along the center 
axis of each elongate plot. After the sample 
area was marked, the number of grubs 
within was determined by drenches or 
excavation. Drenches were applied which 
utilized the larval habit of coming to the 
surface after contacting certain toxic ma- 
terials. 

Two dilute insecticide emulsions were 
used as drenches. Parathion, which under 
some conditions provided the most rapid 
method for bringing up larvae, was ap- 
plied at the rate of 10 to 13 ml. of 25 per 
cent emulsion in 1.5 to 2 gallons of water 
per sample. Rapid larval emergence was 
obtained only when the drench was ap- 
plied to a well moistened soil surface, 
preferably the morning following a night 
rain. Larvae were collected on the soil 
surface at frequent intervals over a period 
of 1 to 2 hours. If frequent observation 
had not been possible, a barrier as de- 
scribed for lindane or BHC below would 
have been required to prevent surfaced 
larvae from crawling away. 

Lindane and BHC emulsions consisting 
of 15 and 30 ml. of 20 per cent and 10 
per cent gamma isomer of benzene hexa- 
chloride, respectively, were applied in 1.5 
to 2.0 gallons of water. Larvae were 
slower in coming to the surface than when 
parathion was used. Therefore sample 
areas should be framed with a barrier at 
least 2 inches high to retain emerged 
larvae over a 24 hour period. Beakers 
were placed in each sample area for con- 
venient collection of the grubs, usually 
carried out the morning after treatment. 
These methods were especially useful in 
determining comparative populations in 
farmer-owned pastures where excavation 
was inadvisable. 

Excavation occasionally followed 
drench treatments to check on the effi- 
ciency of the method. With parathion, a 
few of the grubs located at lower levels 
succumbed before reaching the soil sur- 
face. Ninety per cent of the larvae were 
recovered when parathion was applied 
after rains. Since population data can be 
taken over a period of several weeks in 
September and early October, it was usu- 
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ally possible to take advantage of rainy 
periods for making counts. The amount 
and degree of disturbed soil was usually 
well correlated with the subterranean 
larval population. 

CuemicaL Controu.—Published _ re- 
ports indicate that tests on control of 
this insect with the newer organic insecti- 
cides have been conducted only against 
third instar larvae, especially in tobacco 
plant beds. Dominick (1952) and Jewett 
(1951) reported that parathion was more 
effective than the chlorinated residual 
type insecticides. Of the latter, lindane 
and BHC were usually more toxic to lar- 
vae than aldrin, chlordane, dieldrin, DDT, 
heptachlor and toxaphene at equal or 
often smaller dosages. 

Some of the same insecticides in the 
preliminary tests conducted at Holland, 
Virginia in 1951 against third instar 
larvae in Ladino clover-orchard grass 
pastures gave similar results. Parathion 
was effective at dosages of 0.5 to 1.0 
pound or more of actual toxicant per acre. 
BHC and lindane were less effective at 
1.0 pound per acre and aldrin gave fair to 
poor control at dosages of 2 to 3 pounds 
of technical equivalent per acre. In these 
tests applications were not made until 
after grubs had reached third instar. 
Failure to detect the presence of the 
younger grubs because injury by them is 
less obvious, was the primary reason for 
delay in treatment in earlier tests. Control 
of third instar larvae has inherent disad- 
vantages because by the time grubs have 
reached late second and early third instars 
many roots have already been seriously 
disturbed and the soil loosened sufficiently 
to be unfavorable for Ladino clover 
growth. A delay in recovery usually oc- 
curs despite the application of effective 
control measures against the large larvae. 
In a sound pasture management program 
it would be most desirable to halt damage 
before grubs become large. For that rea- 
son most tests conducted in 1952 were di- 
rected primarily against first instar grubs. 

Resu.ts.—Pre-egg-hatching treatments. 
In these tests residual type insecticides 
were applied during late June or early 
July. The intent was to create a toxic area 
in the upper soil surface which would kill 
newly hatched more susceptible grubs 
over a period of several weeks. Insecticide- 
fertilizer mixtures, being easy to apply 
accurately with conventional broadcast 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 46, No. 5 


equipment, were utilized in more tests 
than other materials. Table 1 shows the 
results of a test conducted in 1951 with 
aldrin-fertilizer mixtures. The aldrin was 
incorporated in 0-10-20 fertilizer that was 
broadcast at 500 pounds per acre June 22 
to plots each 700 feet by 20 feet in area. 


Table 1.—Larval populations of green June 
beetle in treated and adjacent untreated areas 
following applications of aldrin-fertilizer mix- 
tures. 








AVERAGE NUMBER Lar- 
VAE PER SAMPLE! 





Pounps 
TOXICANT 
PER ACRE 

1.5 : 4, 93.5 
2.0 < 2. 94.3 
3.0 1 99.6 


Per CENT 
CONTROL 


Untreated 
Area 


Treated 
Area 





1 Each mean based on 12 4-square-foot samples per plot. Data 
from untreated area represents average of two adjacent plots, 
one on each side of the treated plot. Counts made Aug. 29. 


The excellent results obtained in this 
test stimulated interest in further investi- 
gations in 1952 of pre-egg-hatching treat- 
ment with residual insecticides which had 
previously been only partially effective 
against third instar grubs. Table 2 shows 
the results of two farm tests conducted 
during 1952 with insecticide-fertilizer mix- 
tures. 


Table 2.—Populations of green June beetle 
larvae in treated and untreated areas following 
broadcast application of insecticide-fertilizer 
mixtures before hatching. 





Farm NomBer ! Farm NuMBER 2 





Larvae Per Larvae Per 
per Cent _per Cent 
INSECTICIDE Sample Control Sample Control 


Aldrin 


100.0 
100.0 
100.0 
100.0 


0.05 98.2 
Dieldrin 0.00 100. 

Toxaphene 0.00 100.0 
Heptachlor , _— — 
Untreated 2.8 — 





1 Based on 2 replicates per treatment—plot size 20 by 240 
feet. Treated July 15. Counts made September 23. 

2 Based on 4 replicates per treatment—plot size 20 by 150 
feet. Treated July 2. Counts made September 8. 


Several formulations of residual type 
insecticides were compared during 1952. 
Table 3:shows the effects of these insecti- 
cides on the development of the larval 
population. In another test aldrin and 
heptachlor sprays applied to large plots 
on July 16 gave 100 and 98.3 per cent 
control of grubs hatching from eggs ovi- 
posited from July 7 to 10. Two pounds of 
actual toxicant of each insecticide were 
applied. 
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In small plot tests set up to screen 
numerous insecticides sufficient larval 
populations did not develop that would 
permit a critical evaluation of effective- 
ness. The degree of control obtained indi- 
cates that the insecticides tested were not 
applied at dosages sufficiently low to de- 
termine the minimum effective dosage. 
The highly effective results obtained with 
insecticides, some of which had previously 
been rather ineffective, against third 
instar larvae, must be explained on the 
basis of greatly increased susceptibility 
of first instar larvae to the same toxicants. 
A later test in which the dosage of aldrin 
was varied supports this concept. At the 
dosages used in these tests, the type of 
formulation had no significant influence on 
effectiveness. In some tests, materials 
were applied and exposed on the soil sur- 
face for 8 days, before rains leached toxi- 
cants into the soil. A sharp line of demar- 
cation was observed between adjacent 
treated and untreated check areas. Larvae 
disturbed the soil to the treatment line 
and at times worked a short distance into 
the treated area. Occasional dead grubs 
were observed along these margins. In 
1951 differences in stand were observed in 


adjacent treated and untreated areas. 
Plans to obtain data on yields of forage in 
1952 were not carried out because drouth 
seriously affected clover stands in both 
treated and untreated plots. 


Post-egg-hatching _ treatments.—Insecti- 
cides applied to the soil after the majority 
of eggs have hatched take advantage of 
night crawling habits of larvae. Single 
parathion treatments usually made dur- 
ing September have been most effective. 
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Considerable injury to the crop is often 
evident by this time. Earlier applications 
of parathion were only partially effective. 
Since parathion was effective for only 3 
or 4 days after treatment, many larvae 
hatching later from eggs several inches 
below the soil surface escaped toxic doses. 
At least two treatments of non-residual 
insecticides would be required if the earlier 
treatment is desired. Certain weather con- 
ditions are more likely to decrease the 
effectiveness of non-residual insecticides. 
Nocturnal larval movements and burrow- 
ing near the soil surface were sharply re- 
duced when night temperatures fell below 
55° F. thus reducing the percentage of 
larvae contacting insecticide on the soil 
surface. 

Tables 4 and 5 record the results ob- 
tained with various formulations of para- 
thion applied August 28 and September 
9, respectively. All parathion formulations 
gave excellent control. Methyl parathion 
was less effective in the single test where 
it was compared with parathion. Greater 
ease and safety of application was ap- 
parent with the granulated tobacco stem 
formulations. This was especially true 
with the 0.75 per cent parathion formula- 
tion broadcast with a fertilizer distributor. 

Discussion.—These results suggest the 
greater desirability of pre-egg-hatching 
treatments. Heavy beetle flight over 
pastures foretold ensuing infestation; 
thus test plots placed in such areas usually 
bore heavy infestations on the untreated 
check. Mating and oviposition flights 
should also serve to warn farmers of prob- 
able infestation. 

The ideal schedule for pastures in ‘Tide- 


Table 3.—Control of green June Beetle larvae in Ladino clover-orchard grass pasture following 


treatments applied July 8, 1952. 








METHOD OF 
APPLICATION 


TREATMENT 





25% aldrin emulsifiable? 

20% lindane emulsion? 
2% aldrin in tobacco stem granular® 
5% aldrin in 30-60 mesh clay* 
0.1% lindane in tale 

25% toxaphene in 30-60 mesh clay* 
Untreated’ 


Power sprayer 2.8 0 
Power sprayer 1.3 at 
Lime spreader 3.0 0 
Traction duster 2.5 0 
Lime spreader 0 
Traction duster 2 0 


Mean GruB 
POPULATION 
TOXICANT PER SAMPLE 
PER AcRE! ON SEPT. 2 


Pounps 

Per CENT 

CoNTROL 
100. 
98 .$ 
100. 
100. 
100. 
100. 


-f init 





1 Plot size 20 X230 feet or 0.105 acre. 
2 Sprays applied at 60 gallons per acre 


3 “Black Leaf” granular—Tobacco By-Products and Chemical Corporation. 


4 ae Clay Corporation. 
5 Average of 2 check plots. 
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Table 4.—Comparison of parathion formulations for control of green June beetle larvae! in Ladino 


clover-orchard grass pasture. 














Pounps 
PARATHION DosaGE TOxXICANT GrusB PopuLATION PER Per Cent 
FoRMULATION PER ACRE PER ACRE 4-SQUARE-Foot SAMPLE CoNnTROL 
Dead & Livi 
pas hel Living 
25% emulsion 2 qts. in 
50 gal. water 1.0 29.5 2.0 93.2 
2% dust 40 pounds 0.8 41.5 1.3 96.9 
3% tobacco stem 
granular 33 pounds 1.0 37.8 2.3 92.6 
3% tobacco stem 
granular 66.7 2.0 25 2.5 90.0 
0.75% tobacco stem 
granular 133 pounds 1.0 14.8 0.3 98.0 
Untreated ~- ~- 0 24 —- 





1 Approximately 85 per cent third instar; 15 per cent second instar. Counts made 48 hours after treatment. 


water Virginia would permit considerable 
latitude in the time of applying residual 
type insecticides. Periods when individual 
minimum requirements for pasturage 
could then be utilized. Since little infor- 
mation is available on loss of toxicant in 
these soils, no definite dosages of a residual 
insecticide for winter or spring treatment 
can be offered. Insecticides such as DDT, 
which ordinarily persists well in the soil, 
should be thoroughly tested for long 
period control. In a small plot test in 1952 
DDT was applied at 7.5 pounds per acre 
shortly before egg hatching. Effective 
control was indicated; however, the grub 
population was unusually low. DDT was 
not included in large plot field tests in 
1952, because the high susceptibility of 
first instar grubs to chlorinated insecti- 
cides was not fully realized. A long lasting, 
effective residual type insecticide could be 
easily integrated into a sound pasture 
management program. 

Limited residue analyses‘ of forage to 


Table 5.—Control of green June beetle larvae 
after large scale field applications of dry parathi- 
on and methyl parathion. 











Living PER 
Pounps Gruss CENT 
TOXICANT PER Con- 
TREATMENT PER ACRE SAMPLE! TROL 
0.75% parathion to- 0.75 0.0 100.0 
bacco stem granular 
2% parathion dust 0.7 0.8 96.7 
2% methyl parathion 0.7 12.0 50.6 
dust 
Untreated ~- 24.2 — 





1 Four days after treatment. Sample size 4 square feet. 





which four formulations containing aldrin 
had been applied showed an average of 
0.7 p.p.m. remained after 3 weeks ex- 
posure. These treatments were applied 
after the forage had been heavily grazed. 

Summary.—Ladino clover as grown in 
pastures in the Tidewater area of south- 
sastern Virginia, is often seriously in- 
jured by heavy infestations of second and 
third instar green June beetle larvae. 
Constant larval burrowing in the upper 3 
inches of the soil may completely uproot 
stolons which normally derive consider- 
able water and nutriment through their 
root systems. Primary tap roots may also 
be seriously injured. Under these condi- 
tions, excessive pasture forage losses occur 
especially during periods of dry, hot 
weather when maximum root efficiency 
is needed. Two and three year old pastures 
in the lighter soils seem to attract the 
largest populations. 

Two general treatment periods, associ- 
ated with the life history of the insect, 
were used. The first, consisting of residual 
insecticide applications made before egg 
hatch were usually carried out during 
late June or early July. The second was 
directed against second and third instar 
larvae after 90 to 95 per cent hatching was 
complete. The latter treatments, made 
during late August and September with 
parathion, prevented further damage to 
already injured Ladino clover stands. 
Residual type insecticides applied before 
eggs hatched prevented soil disturbance 
and plant injury. 


‘ Made by the Division of Insecticide Investigations, Bureau 
of Entomology and Plant Quarantine. 
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In large and small plot tests, aldrin, 
dieldrin and heptachlor at 2 pounds per 
acre, lindane at 0.67 pound and toxaphene 
at 20 pounds per acre, were highly effec- 
tive against first stage larvae when applied 
shortly before the eggs hatched in late 
June or early July. These insecticides 
were ineffective at the same dosages if 
applied later against the hardier third 
instar larvae. Insecticide-fertilizer mix- 
tures, granular carriers (clay and ground 
tobacco stems), dusts and sprays gave 
good larval control when formulated with 
effective insecticides. Granular carriers 
were especially adaptable to broadcast 
distribution with ordinary fertilizer 
spreaders. Power dusters were also used 
with granular materials with some success. 


Parathion at 0.5 to 1.0 pound of toxi- 
cant per acre was effective against second 
and third instar larvae. Efficiency was 
reduced by decreased larval surface ac- 
tivity occurring when night temperatures 
fell below 55° F. Parathion impregnated 
on 30 to 60 mesh ground tobacco stems 
to give a 0.75 per cent material was highly 
effective, easy to apply in farm fertilizer 
spreaders and less hazardous to the opera- 
tor than dusts or sprays. 

Insecticides such as DDT which ordi- 
narily persist for a relatively long time in 
the soil offered promise in preliminary 
tests and may fit into a long range control 
program such as that recommended 
against Japanese beetle grubs. 
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Pyrethrum and Lindane in the Protection of Corn and 
Rough Rice from Stored Grain Insects! 


E. H. Fioyp and C. E. Smitu, Louisiana Agricultural Experiment Station 


During the 1951-52 grain storage sea- 
son seven tests were conducted using 
pyrethrum dusts and sprays containing 
synergists, and lindane for the protection 
of corn and rough rice from stored grain 
insects. The tests on corn were conducted 
on shelled, shucked and snapped (un- 
shucked) lots. Unless otherwise stated 
Louisiana 521 (a white hybrid) was used 
in all tests. The tests were started in 
early October of 1951 with corn grown on 
the same farm, and discontinued approxi- 
mately 11 months later. The corn was 
harvested and brought directly from the 
field and placed in test. At harvest ap- 
proximately 70 per cent of the ears and 
an average of 5 per cent of the kernels 
were infested or damaged by stored grain 
insects. The records represent visible dam- 
age or infestation of live insects. Infesta- 
tion records were made at the end of 7, 
10 and 11 months. 

In tests 1 and 2 the samples consisted 
of 10 ears per treatment replicate taken 
uniformly from top to bottom. These ears 


were shelled and 5 lots of 100 kernels from 
each treatment replicate were removed 
and examined. All kernels showing eaten 
areas, emergence holes, or visible signs of 
larval infestation were included in the 
infested or damaged grain count. Grain 
in the shelled corn experiment (Test 3) 
was thoroughly mixed and three lots of 
100 kernels from each treatment replicate 
were removed and examined. The test 
conducted in two large cribs (1 treated and 
1 untreated) was examined by removing 
uniformly from top to bottom 20 ears 
from each of 5 locations near the 4 corners 
and the center of each crib. The ears from 
each crib were shelled and the grain was 
thoroughly mixed. Five sub-samples of 
100 kernels were removed from each crib 


1 Materials used in these tests were contributed by the De- 
struxal Corporation of Louisiana, Inc., and the U.S. Industrial 
Chemicals Co. Division of National Distillers Products Corpora- 
tion. The pyrenone Grain Protectant (U.S.1.) contained 0.05% 
pyrethrins and 0.8% Piperonyl butoxide. The P-2 grain pro- 
tectant (Destruxal Co.) contained 0.05% pyrethrins and 0.5% 
Piperony! butoxide. The N-3 Grain protectant (Destruxal Co.) 
was reported to contain 0.05% pyrethrins and 0.75% MGK-264. 
The Pyrenone spray concentrate contained 11.84% Piperony! 
butoxide and 1.18% pyrethrins 
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composite sample and examined. 
The Zenith variety was used in all of 
the tests on rough rice. Samples for exami- 
nation were obtained with a grain probe 
which removed the grain from the top, 
center and bottom. Three areas were 
probed in each treatment replicate. The 
combined 3-probe samples contained about 
a half cup of grain. This combined 
sample was thoroughly mixed and 500 
kernels removed for examination. Angou- 
mois grain moth infestation was deter- 
mined by placing the grain in water where 
infested kernels floated on the surface. 
Damage by the rice weevil and other 
grain boring species was determined by 
examining the kernels under a binocular. 

The sprays were applied with a small 
hand atomizer which delivered a very fine 
mist. The powders were applied by sprin- 
kling with the hand. Each test is described 
individually and discussed below. 

Test 1: Corn—This test was conducted 
inside a screened insectory in small bins 
consisting of a battery of 7 each, made of 
rough lumber with a 2 inch crack between 
wall boards on the front and rear. These 
bins measured approximately 2 by 2 by 3 
feet. One barrel of snapped corn was 
placed in each. Treatments were repli- 
vated 4 times. Treatments and results 
obtained are given in table 1 


Table 1.—Showing effects of several treat- 
ments in the protection of snapped corn from 
stored grain insects (one bbl. size tests—minia- 
ture cribs—1951-52). Species concerned: Angou- 
mois om moth and Rice Weevil. 


PER Cent GRAIN “a0 ECTED 
or DAMAGED Arten! 








7 11 
TREATME NT Initial Months Months Months 


Pyrenone Grain Prote c " ant! 5 8.5 35.6 54 
20 Ibs. per 100 bbi. 

P-2 Grain Protectant 5 15.5 43.0 70 
20 Ibs. per 100 bbl. 

N-3 Grain Protectant 5 19.0 57.0 80 
20 Ibs. per 100 bbl. 

Pyrenone wettable powder 5 23.0 45.0 75 
standard dose? 

Emulsifiable Pyrenone 5 18.0 43.0 56 


diluted 1-9, standard dose 


Emulsifiable pyrenone 5 8.0 38.0 65 
diluted 1-9, double dose 
Check 5 24.7 54.0 70 





1 Species concerned: Sitotroga cerealella (Oliv) and Sitophilis 


oryzae (L.) 

2 Standard dose refers to equivalent amounts of active ingre- 
dients as that in Pyrenone Grain Protectant used at 10 pounds 
per 100 bbl. (Theoretically 0.032 oz. piperonyl butoxide and 
0.002 oz. pyrethrins per cwt.) 


Test 2: Corn—This test was conducted 
in 55-gallon steel drums. Two bushels of 
shucked corn were used in each of 3 
replicates of five treatments. At the top 
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of each drum a rim of quarter-inch mesh 
hardware cloth was attached which pro- 
truded 4 inches above the top of the open 
end of the drum. The lid was placed on 
this raised screen rim which permitted 
exposure to insect infestation, provided 
partial ventilation, and rat-proofed the 
containers. Treatments and results ob- 
tained are given in table 2 


Table 2.—Showing effects of several treat- 
ments in the protection of shucked corn from 
stored grain insects (2 bbl. size tests in 55 gallon 
steel drums—1951-52). Species: Angoumois 
grain moth and Rice Weevil. 





Per Cent Gratin INFESTED 
OR Damac ED AFTER 





Months 
Tre ATMENT Initial 7 10 11 
Py: renone Grain Protectant 5 $3.6 97 99.7 


standard dose 
P-2 Grain Protectant 5 50.0 
standard dose 


99.0 100.0 


Lindane—3 grams technical 5 5.0 2.4 6.7 
per ewt grain! 
Emulsifiable pyrenone 5 12.0 89.0 99.7 


diluted 1-9, standard dose 


Check 52.0 100.0 100.0 





1 Crushed dry corn cobs (pea size) impregnated in a 10% 
lindane-xylol solution—resulting cobs dried and scattered among 
the ears. (Cobs contained 5% lindane). 

Test 3: Corn—Test 3 consisted of 6 
treatments, including a check, replicated 4 
times and was conducted on shelled corp 
stored in half-gallon fruit jars with a 
quarter-inch mesh hardware cloth cover. 
This provided partial ventilation and per- 
mitted free access by insects. The corn 
was treated and then placed in the jars 
which were stored in a small wooden 
room. Treatments and results obtained 
are given in table 3. 


Table 3.—Showing effects of several treat- 
ments in the protection of shelled corn from 
stored grain insects (one-half gallon fruit jar test 
—3 lbs. grain—1951-1952). Species in test, Rice 
Weevil. 





Per Cent aan Savane 
OR 8 Damacep AFTER 





Months 
TREATMENT Initial 7 10 11 

Emulsifiable pyrenone diluted 5 7 18 47 
1-9, standard dose 

Emulsifiable pyrenone diluted 5 6 5 5 
1-9, double dose 

Emulsifiable pyrenone diluted 5 4 5 $ 
1-9, triple dose 

Emulsifiable pyrenone diluted 5 5 5 $ 
1-4, double dose 

Pyrenone Grain Protectant 5 8 11 222 
standard dose 
heck 5 58! 100 100 





1 Corn in the check jars was half or more covered with a black 
mould after 7 months storage. 

2 There was slight development of this mould in treatment 5 
after 11 months storage. 
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Test 4: Corn—This test was conducted 
in two corn storage cribs on the Experi- 
ment Station farm which were located 
about 100 yards apart. Each crib was 
tilled about half full with alternating 
loads (about 20 bushels) of Louisiana 521 
and Dixie 18 hybrid corn totaling about 
120 barrels. The corn varieties used were 
grown in the same field, contained ap- 
proximately the same degree of initial 
infestation and was stored as snapped 
corn. Crib “A” was treated with Pyrenone 
Grain Protectant at the recommended 
rate of 10 pounds per 100 barrels. The 
powder was applied by sprinkling the 
proper amount by hand over the surface 
after each load, which raised the corn 
level about 12 inches. A sprinkling of the 
powder was first applied on the floor be- 
fore filling and the crib was capped with 
a heavier than usual application. Crib 
“B” was merely cleaned and filled with 
corn. Both cribs were well constructed 
and fairly tight. Results are given in 
table 4. 


Table 4.—Showing effects of a pyrethrum- 
piperonyl butoxide powder in the protection of 
stored snapped corn in farm cribs from stored 
grain insects (1951-52). Species in test, Rice 
Weevil and Angoumois grain moth. 














Per Cent Grain INFESTED 
or DAMAGED AFTER 


Months 
TREATMENT Initial 7 10 11 
Pyrenone Grain Protectant 5 11.4 13.0 16.0 
10 Ibs. per 100 bbls. 
Check 5 18.6 45.0 52.4 





Discussion.—As shown by the data in 
table 1, test 1, (snapped corn) the most 
effective treatments were Pyrenone Grain 
Protectant and emulsifiable pyrenone at 
double doses; however, under the condi- 
tions of this experiment the protection 
afforded was inadequate. The size of the 
containers, the small volume of corn and 
exposure to re-infestation are factors that 
very likely influenced the results. The 
data in table 2, test 2, show that the grain 
protectant powders were inadequate to 
protect shucked corn where exposed to 
constant re-infestation. However, the 
emulsifiable pyrenone spray gave good 
protection up to and including 7 months. 


The effectiveness of lindane as shown in 
table 2 was outstanding. The corn in this 
treatment after 11 months storage ap- 
peared to be in exactly the same condi- 


rc 


tion as when stored. Observations indi- 
cated that the immature stages inside the 
grain were not affected; however, the 
adults died before leaving the kernels. The 
data in table 3, test 3, show that there 
were distinct differences in control on 
shelled corn as secured by different dos- 
ages. All treatments gave protection of 
shelled corn for 7 months. After 7 months 
the build-up was rapid in both the stand- 
ard dosages of the powder and spray, 
whereas the larger dosages of spray gave 
protection throughout the 11-month stor- 
age period. 

The corn treated with Pyrenone Grain 
Protectant in the crib test (Table 4) 
had 16 per cent of the kernels infested or 
damaged compared to 52 per cent in the 
check crib at the end of 11 months. 

As a check for possible objectionable 
contamination, meal was prepared from 
the lindane treated corn 10 months after 
the test was started and taste tested by 
6 individuals. No off-flavor was detected. 
A test was also conducted by the Poultry 
Department of the Louisiana Agricultural 
Experiment Station in which four pens of 
four hens each were fed corn from the 
lindane treatment as the sole source of 
grain for 2 months. The eggs were checked 
by seven individuals and no off-flavor was 
detected over the 2-month trial. 

Test 5: Rough rice—This test consisted 
of eight treatments, including a check, 
replicated 3 times. Each treatment repli- 
cate contained 20 pounds of rice stored in 
open top 50-pound lard cans. The con- 
tainers were stored in a tight but un- 
heated small frame store room. The treat- 
ments and results obtained are given in 
table 5. 

Test 6: Rough rice—Test 6 consisted of 
11 treatments, including a check, repli- 
cated 4 times. Each treatment replicate 
contained 4 pounds of rice stored in open 
top 1 gallon size cardboard containers. 
Rice in this test was stored in the same 
room with test 5. Treatment and results 
obtained are given in table 6. 

Test 7: Rough rice—This test consisted 
of three treatments, including a check, 
replicated 3 times. Each treatment repli- 
cate contained 20 pounds of rice stored 
in open top 50 pound lard cans. This test 
was conducted in a screened insectary. 
Treatments and results obtained are 
given in table 7. 

Discussion.—The treatments of pyre- 
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Table 5.—Showing effects of several treat- 
ments in the protection of stored rough rice from 
stored grain insects (50 pound lard can storage— 
1951-52). Species in test, Angoumois grain moth 
Rice Weevil and lesser grain borer.' 








Per Cent Gratin InFEsTED 
or DaMAGED AFTER 


. Months 








TREATMENT Initial 7 10 11 

Pyrenone Grain Protectant Apparent 2 8.7 14.2 
standard dose zero 

Pyrenone Grain Protectant ns Ee 3.3 12.0 
double dose 

Emulsifiable pyrenone, di- ° 2.7 12.5 15.0 
luted 1-4, standard dose 

Emulsifiable pyrenone, di- af $.9 10.4 16.4 
luted 1-9, standard dose 

P-2 Grain Protectant, ° 2.4 11.0 18.2 
standard dose 

N-3 Grain Protectant * 4.3 18.0 16.1 

Sheck * 7.0 15.9 18.9 

Pyrenone wettable powder - 1.9 8.0 13.0 


spray—standard dose 





1 Rhizopertha dominica (F.) 


thrum sprays and powders with syner- 
gists gave fair protection to rough rice for 
7 months. The Pyrenone Grain Protectant 
at double dose gave the greatest degree 
of protection. In one test (Table 5) it 
gave protection over a 10 month period. 
In another test (Table 6) the protection 
was prolonged for 11 months. The pow- 
ders appeared to be somewhat more effec- 
tive on rough rice than the sprays. It is 
possible that the rice hull absorbs much 
of the liquid thus preventing a concentra- 
tion of deposit on the surface where the 


Table 6.—Showing effects of several treat- 
ments in the protection of stored rough rice from 
stored grain insects (one-gallon size cardboard 
containers—1951-52).! 








Per Cent Gratin INFEestepD 
or DAMAGED AFTER 





Months 
TREATMENT Initial 7 10 11 

Emulsifiable pyrenone di- Apparent 4.8 11.8 16 
luted 1-9, standard dose zero 

Emulsifiable pyrenone di- . 4.0 9.5 15.9 
luted 1-9, double dose 

Emulsifiable pyrenone di- , 4.5 8.4 15.8 
luted 1—4, standard dose 

Emulsifiable pyrenone, di- . 2.4 9.8 10.8 
luted 1-4, double dose 

Emulsifiable pyrenone di- " 1.7 6.6 12.4 


luted 1-4, triple dose 


Pyrenone Grain Protectant . 2.2 8.9 138.7 
standard dose 

Pyrenone Grain Protectant . 2.2 2.6 4.3 
double dose 

P-2 Grain Protectant, * 2.3 8.6 17.4 
double dose 

N-3 Grain Protectant, - 3.5 7 <1%48 
double dose 

Pyrenone wettable powder ” 1.9 8.4 11.0 
spray double dose 

Check ” 9.0 15.7 19.9 





1 Species concerned same as in Table 5. 
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Table 7.—Showing effects of several treat- 
ments in the protection of stored rough rice from 
stored grain insects (50 pound lard can storage— 
1951-52). 


— = 








Per Cent Grain INFestep 
or DamAcep Arter! 








Months 
TREATMENT Initial 7 10 ll 
3 gms. tech. lindane per Apparent 0.2 0.33 0.6 
ewt. (impregnated cobs) zero 
Sassafras roots, approx. . 7.0 16.0 19.0 
2 lb. dry root per ewt. 
Check 6 10.8 13.5 17.8 





1 Species concerned—same as in table 5. 


chemical would be most effective. Rice 
stored with 3 grams of lindane per hun- 
dred weight remained practically free of 
infestation over the 11 months storage. 
Untreated rice from this test averaged 
17.8 per cent damage after 11 months. 
The milling percentage of the untreated 
rice was 85 per cent of that treated with 
lindane. The rice from the lindane treat- 
ments was checked for flavor by 4 indi- 
viduals and none reported any off-flavor. 

SumMary.—Powders and sprays con- 
taining pyrethrum and various synergists 
were used in a series of tests designed to 
protect corn and rough rice from insect 
damage in storage. The protective pow- 
ders gave protection for approximately 7 
months in tests using small quantities of 
corn and rice. The sprays of pyrethrum 
and piperonyl butoxide were effective at 
high dosages in protecting shelled corn. 
Crib stored corn treated with a protective 
powder contained 16 per cent of the grain 
infested or damaged at the end of 11 
months; whereas an untreated crib of 
corn from the same field and of equal 
initial infestation was 52 per cent infested 
or damaged. 

Crushed corn cobs impregnated with 
lindane using a 10 per cent lindane solu- 
tion in xylol gave complete protection to 
shucked corn and rough rice for 11 months 
exposed to a severe insect infestation. The 
lindane was used at the rate of 3 grams of 
technical lindane per hundredweight of 
grain. Corn from these treatments did not 
cause any off-flavor to chicken eggs when 
the hens were fed this treated corn as 
their sole source of grain for 2 months. 
Neither was any off-flavor noted in meal 
prepared from corn treated with lindane. 
Rice treated with lindane was also found 
to contain no off-flavor. 
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The Cholinesterase of the Oriental Fruit Fly and Its in Vitro 
Reactions with Various Insecticidal Compounds 


C. C. Roan and Suizuxo Magna, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


Cholinesterase (ChE) is one of the few 
enzymes that has been directly implicated 
in the lethal action of any of the recently 
developed synthetic insecticides. The or- 
ganic phosphorus compounds, such as 
tetraethyl pyrophosphate (TEPP), have 
been reported by several investigators as 
effective inhibitors of ChE both in vitro 
and in vivo. Chadwick & Hill (1947) con- 
cluded that the toxicity of diisopropyl 
fluorophosphate (DFP) and _hexaethyl 
tetraphosphate (HETP) was largely a 
function of their anticholinesterase ac- 
tivity. However, these workers did not 
exclude the possibility of other toxic 
mechanisms, 7.e., the inhibition of other 
esterases, such as suggested later by Lord 
& Potter (1950, 1951). Metcaif & March 
(1949) reported ChE inhibitions in excess 
of 90 per cent at complete knockdown of 
bees following topical application of 1 
microgram of either TEPP or parathion, 
and that at death the ChE of the central 
nervous system is almost completely in- 
hibited. Nachmansohn & Feld (1947) also 
observed that the absence of ChE in the 
brain following treatment with DEP 
always coincides with death. 

Metcalf & March (1950) reported a 
homolog of parathion, diisopropyl p-ni- 
trophenyl thiophosphate, to be much 
more toxic to the house fly than to the bee 
or the mouse. Likewise the concentration 
of this compound required to inhibit 50 
per cent of the brain ChE of the bee or 
mouse was about 1000 times that required 
for the brain ChE of the house fly. They 
also reported significant differences in the 
response of ChE from these test animals 
to. different concentrations of acetyl- 
choline (ACh) and _ acetyl-beta-methyl 
choline (AMeCh), but no differential 
response to benzolyl choline (BzCh). 

Investigations were made of the proper- 
ties of the cholinesterase of the oriental 
fruit fly, Dacus dorsalis Hendel, and of the 
anticholinesterase activity of certain in- 
secticidal compounds to develop informa- 
tion of value in estimating the potential 
usefulness of compounds with a similar 
biochemical action, and to provide data 


on the comparative biochemistry of this 
enzyme system. 

MarerIALs AND Meruops.—Determi- 
nations of ChE activity were made mano- 
metrically by the method described by 
Metcalf & March (1949) on brain breis 
made up from the heads of female oriental 
fruit flies 2 days old. The heads were 
thoroughly macerated in a cold buffer of 
0.15 M sodium chloride, 0.04 M mag- 
nesium chloride, and 0.025 M sodium bi- 
carbonate. The breis contained 1.2 mg. of 
head tissue per milliliter of buffer. Each 
Warburg vessel contained 2.6 ml. of brain 
brei, 0.3 ml. of substrate (acetylcholine 
bromide), and 0.1 ml. of inhibitor or dis- 
tilled water. Where solubility permitted, 
the inhibitors were made up in propylene 
glycol. Certain compounds were dissolved 
in a propylene glycol-acetone mixture 
(9:1) and then diluted to the test con- 
centrations with propylene glycol. All 
concentrations of substrates and inhibi- 
tors are given as the final molar concentra- 
tions in the Warburg vessels. Unless stated 
otherwise, the temperature of the reaction 
was maintained at 37° C. 

Specificity and Optimum Concentration 
of the Substrate -—The substrate specificity 
and the effects of substrate concentration 
on the activity of the ChE of the oriental 
fruit fly were determined as a preliminary 
phase of investigations of its in vitro reac- 
tions with various inhibitors. The sub- 
strates generally employed for determin- 
ing the nerve ChE activity of insects have 
been ACh (Chadwick & Hill 1947, Met- 
calf & March 1949) and AMeCh (Rich- 
ards & Cutkomp 1945, Tobias et al. 1946). 

According to Nachmansohn & Rothen- 
berg (1945), a ChE specific for ACh is 
characterized, in part, by the ability to 
hydrolyze ACh at a rate as high as, or 
higher than, any other substrate. Au- 
gustinsson (1949) emphasizes the impor- 
tance of the effect of substrate concentra- 
tion on the rate of hydrolysis. With a 
ChE specific for ACh, high concentrations 
of the substrate inhibit hydrolysis. 

The effects of substrate concentration 
on the rates of hydrolysis of three sub- 
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) Acetyl choline (ACh) 
7 @ Acety!-beta-—methy! choline (AMeCh) 
9¢ ® Benzoyl choline (8zCh) 





Fic. 1.—Effect of substrate concentrations on the 
hydrolysis of ACh, AMeCh, and BzCh by the brain 
ChE of the oriental fruit fly. 


strates—ACh, AMeCh, and BzCh—by 
the brain ChE of the oriental fruit fly are 
shown in figure 1. Activity over a 30-min- 
ute period is plotted against the negative 
log (pS) of the substrate concentration. 
These determinations were made at 37° C, 
and corrected for nonenzymatic hydroly- 
sis. 
A bell-shaped curve typical of a ChE 
specific for ACh was obtained for this 
substrate with an optimum of approxi- 
mately 5x10-°M ACh. BzCh was hydro- 
lyzed very slowly. AMeCh was hydrolyzed 
less rapidly than ACh, with a tendency 
for inhibition at high substrate concentra- 
tions. The reactions of the brain ChE of 
the oriental fruit fly to these substrates 
and substrate concentrations proved to be 
of the same order as those reported for 
the house fly by Metcalf & March (1950) 
and by Babers & Pratt (1950). Although 
the data indicated the predominance of 
an esterase specific for ACh, nonspecific 
cholinesterases as well as numerous other 
enzyme systems may have been present 
since breis of whole heads of oriental fruit 
flies were used in the studies. 

Effect of Temperature on the in Vitro 
Activity of Oriental Fruit Fly Cholinester- 
ase.—Since the temperatures employed 
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in previous investigations of insect ChE 
have ranged from 25° C. (Chadwick & 
Hill 1947) to 37° (Metcalf & March 1950), 
it was desirable to determine the optimum 
temperature for the in vitro activity of the 
oriental fruit fly ChE. Glick (1939) re- 
ported an optimum near 40° for horse- 
serum ChE, with higher temperatures 
irreversibly inactivating the enzyme. 

The effect of temperatures between 15° 
and 45° C. on the rate of hydrolysis of 
ACh by the ChE of the oriental fruit fly 
is shown in figure 2. The substrate con- 
centration employed was 5x10-°M ACh, 
with a reaction period of 30 minutes after 
the addition of substrate. The optimum 
temperature for this reaction appeared to 
be near 37°. Temperatures markedly 
higher than this rapidly inactivated the 
in vitro activity. 


x | 
60 % | 
} x 


Mm? co, Evolved in 30 Minutes 


40 
os | 
. “-*) 18 © 16.136 6 oO <a 
* Centigrade 
Fic. 2.—Effect of temperature on the hydrolysis of 


ACh by the brain ChE of the oriental fruit fly. 


In Vitro Effects of Insecticidal Com- 
pounds.—The effectiveness of a number 
or organic phosphorus compounds as in 
vitro inhibitors was studied, several vari- 
ations in technique being employed. Each 
compound was tested in different concen- 
trations to explore its effective range. In 
these experiments the inhibitors were 
added to the head breis approximately 20 
minutes before the ACh substrate was 
added. The final flask concentration of 
ACh was 5X10-°M. Carbon dioxide pro- 
duction was determined for a 30-minute 
period. The per cent inhibition for each 
concentration was calculated, and the 
probit of per cent inhibition was then 
plotted against the log concentration of 
the compound. The concentrations giving 
50 per cent inhibition (IN5o) were deter- 
mined from these curves and are as fol- 
lows: 
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Molar 
Concentration 
1. Diethyl p-nitrophenyl phosphate 
(para-oxon) 9.1«10°° 
2. 0,0-diethyl 0-p-nitrophenyl thiophos- 
phate (parathion) 2.31077 
3. Diisopropyl p-nitrophenyl phosphate 1.51078 
+. Diisopropyl p-nitrophenyl thiophos- 
phate 3.0K 10-6 
5. 0-ethyl 0-p-nitrophenyl benzenethio- 
phosphonate (EPN) 4.0X 10 


6. Tetraethyl pyrophosphate (TEPP) 7.5 107!° 
7. Tetraethyl dithiopyrophosphate 


(sulfotepp) 5.2X10°8 
8. 3-Methyl-1-phenyl-5-pyrazolyl di- 

methylearbamate (compound 

22008) 2.0X 10-8 


Compounds 1, 2, 4, and 5 had IN5o val- 
ues of the same order as observed by Met- 
calf & March (1950) for the house fly 
under similar in vitro conditions. Com- 
pounds 1, 3, and 6 were considerably more 
effective as inhibitors than their sulfur 
analogs, compounds 2, 4, and 7. Com- 
pounds 1 and 2 were also more effective in 
this respect than their isopropy! homo- 
logs, compounds 3 and 4. 

Compound 22008 was included in these 
and the succeeding experiments as a 
representative of an insecticidal material 


T77 


that is structurally unrelated to the or- 
ganic phosphorus compounds, but also 
effective as an inhibitor of ChE. This 
material appeared to be of the same order 
of effectiveness as an in vitro ChE inhibi- 
tor, such as para-oxon. 

Burgen (1949) observed that much 
higher concentrations of TEPP were re- 
quired for the inhibition of ChE from 
human red blood cells when the substrate 
was added prior to the inhibitor. Three 
systems of adding these reagents were 
investigated—.e., adding the inhibitor 
first, adding the substrate first, and adding 
both simultaneously in a mixture. In the 
prior addition of either substrate or in- 
hibitor, they were allowed to react with 
the head breis during the gassing and 
equilibration periods (20 minutes) before 
the other component was added. The per 
cent inhibition was determined 23 hours 
after the addition of substrate, when the 
degree of inhibition had reached a maxi- 
mum. The results of these experiments 
are presented in table 1. 

At concentrations approximating the 
IN5o level the simultaneous or prior addi- 


Table 1.—Effect of the order of adding inhibitor and substrate on the in vitro inhibitory action of 
various insecticidal compounds on the brain ChE of the oriental fruit fly. 








Per Cent INHIBITION 


Moar Inhibitor Substrate and Substrate 


ComMPpouNnD CONCENTRATION First Inhibitor First 

1. Diethyl p-nitrophenyl phosphate 9.21077 100 100 53 
(para-oxon) 9.2x10-5 100 23 13 
9.2X 107° 36 0 0 

2. 0,0-diethyl 0-p-nitrophenyl thiophosphate 2.310 90 89 62 
(parathion) 2.8x10-* 90 47 37 
2:31? 67 16 0 

3. Diisopropyl p-nitrophenyl phosphate 2.0K 107% 100 86 67 
2.01077 95 20 0 

2.0K 10° 70 2 0 

4. Diisopropyl p-nitrophenyl thiophosphate 2.010 95 73 47 
3.0K 10° 100 22 2 

4.0><.10-° 58 9 0 

5. 0-ethyl 0-p-nitrophenyl benzenethio- 3.0 107% 100 33 17 
phosphonate (EPN) 6.0 10-6 66 5 | 
3.0X10°° 33 0 0 

6. Tetraethyl pyrophosphate (TEPP) 1.5X10-8 97 56 33 
1.5X10-* 58 8 0 

1.5107 5 4 0 

7. Tetraethyl dithiopyrophosphate 1.0X10°% 95 96 56 
(sulfotepp) 1.0X 107% 68 53 46 
1.0K 1¢' 50 7 0 

8. 3-Methyl-1-phenyl-5-pyrazolyl 2.0X10-* 93 89 64 
dimethylearbamate (compound 22008) 2.01077 52 42 17 
2.0108 24 7 0 
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Inhibitor First 


MoLak . _ 
Compound 


. Diethyl p-nitrophenyl] phosphate 


(para-oxon) 9.21077 100 
2. 0,0-diethy!] 0-p-nitropheny] thio- 

phosphate (parathion) 9.2106 84 
3. Diisopropy] p-nitropheny! phos- 

phate 2.0X10-% 86 
4. Diisopropy] p-nitropheny] thio- 

phosphate 2.0104 100 
5. 0-ethy! 0-p-nitropheny] benzene- 

thiophosphonate (EPN) 3.0X10°5 73 
6. Tetraethy] pyrophosphate 

(TEPP) 1.51078 86 
7. Tetraethy!] dithiopyrophosphate 

(sulfotepp) 1.0X10°% 93 
8. 3-Methyl-1-phenyl-5-pyrazoly] 

dimethylcarbamate (compound 

22008) 2.010% 93 


CONCENTRATION 15°C. 2 


Per Cent INa1BITION 





Substrate and i 
Inhibitor Together Substrate First 


rc.. src. 16°C. 25° C, 37° Cc. 16°C. 96°C. 37° Cc. 

100 100 59 69 100 47 40 53 
80 90 18 28 47 8 8 37 
100 100 48 69 86 7 36 62 
85 95 27 31 73 9 16 47 
95 100 14 20 33 0 0 17 
85 97 7 31 56 0 0 33 
90 86 66 70 72 28 34 49 
93 93 82 89 89 53 49 64 





tion of the substrate resulted in a marked 
reduction in the effect of the inhibitors as 
contrasted with the prior addition of the 
inhibitor. When the substrate was added 
first, the concentrations of para-oxon and 
parathion had to be increased approxi- 
mately 100 times to give a degree of inhi- 
bition comparable to that obtained by 
adding these materials before the sub- 
strate. The prior addition of substrate 
reduced the activity of all the compounds 
used in these investigations. 

The data for the prior addition of sub- 
strate indicate a protective action by the 
substrate, as suggested by Burgen (1949). 
This protective action of ACh is further 
evidence that the combination of the 
organic phosphorus inhibitors with ChE, 
as reported by Brauer and _ Pessotti 
(1949) and Fernando et al. (1951), is 
associated with the active centers of the 
enzyme responsible for hydrolysis of ACh, 
as suggested by Burgen (1949) and Augus- 
tinsson & Nachmansohn (1949). 

Errects OF TEMPERATURE ON THE in 
Vitro INuiBiTION OF ChE.—The effects of 
suboptimal temperatures on the reactions 
between ChE and the various inhibitors 
are shown in table 2. The per cent inhi- 
bition was determined 23 hours after the 
addition of the substrate. Three reaction 
temperatures—15°, 25°, and 37° C.—and 
the order of addition of the reactants were 
investigated. Suboptimal temperatures 
appeared to have relatively little effect 
when the inhibitors were added _ first. 





However, when the substrate was added 


first, the combination of the protective 
effects of the substrate and the subopti- 
mal temperatures resulted in a marked 
reduction in inhibitory activity for com- 
pounds 2, 3, 4, 5, and 6. Compounds 1, 7, 
and 8 were not affected to such a marked 
extent. Compound 8 was the least affected 
by suboptimal temperatures. This fact, 
together with the markedly different 
structure of this compound, suggests that 
its reactions may be somewhat different. 
The data in figure 2 indicate that at 
15° C. the rate of hydrolysis of ACh is 
retarded considerably. At this tempera- 
ture the effectiveness of the inhibitors was 
reduced very little where there was no 
protective action on the part of a sub- 
strate. Apparently the reaction between 
enzyme and inhibitor, as indicated by the 
first three columns of table 2, was changed 
very little over the temperature range 
investigated. In addition to the reaction 
between enzyme and substrate being re- 
tarded at 15° and 25°, the data in table 2 
for the prior addition of substrate indicate 
an increase in the protective effects ob- 
served at higher temperatures. 
Conc.usions.—An investigation of the 
characteristics of the cholinesterase of the 
oriental fruit fly, Dacus dorsalis Hendel, 
and of its reaction with various inhibitors 
indicates the following: (1) This enzyme 
is specific for acetylcholine, being in- 
hibited by excess substrate and hydrolyz- 
ing this ester more rapidly than acetyl- 
beta-methyl choline or benzoyl choline. 
(2) The temperature optimum for in vitro 
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cholinesterase activity is approximately 
37° C. Higher temperatures tended to 
irreversibly inactivate the enzyme. (3) 
The in vitro anticholinesterase action of a 
number of potential insecticides is similar 
to that reported by Metcalf and March 
(1950) for the house fly. (4) Considerable 
protection against the action of various 
inhibitors was obtained by the prior addi- 
tion of substrate. The simultaneous addi- 


tion of substrate and inhibitor also re- 
duced the effectiveness of the inhibitor. 
(5) The protective action of the substrate 
at suboptimal temperatures was not so 
pronounced with para-oxon, sulfotepp, 
and compound 22008. (6) Compound 
22008, although representing a different 
class of chemicals, was as effective an 
anticholinesterase agent as para-oxon or 
parathion. 
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The seriousness of Nosema in the United 
States was brought to attention when the 
British Board of Trade refused to allow 
importation of bees from the United 
States because of Vosema, Newton (1952). 
Newton reported that Nosema apis Zander 
is found now wherever bees are kept. It 
has been recognized in Europe as a serious 
threat to European beekeeping. The dis- 
ease was commonly designated as spring 
dwingling until 1909. In that year, Dr. 
Enoc Zander discovered the organism 
that was causing the serious reduction of 
adult honeybees in_ infected colonies. 
Nosema has been reported from almost 
every state in the United States. 

The disease organism, Nosema apis, is 
a one-celled organism belonging to the 
phylum protozoa. Relatively little is 
known of this great group of lower animal 
life in general and less is known about the 
Nosema apis disease of honeybees. Rein- 
hart (1942) made a study of the condition 
of honeybees in packages arriving in 
Minnesota in 1940 and 1941. He found 
that 54 per cent of package bees examined 
were infected with Nosema. These ship- 
ments came from 16 apiaries, and 14 of 
the 16 packages contained infected bees. 
Packages from four of the five states repre- 
sented by the 16 shippers had Nosema 
infected honeybees. The fifth state sup- 
plied only five packages. Rahmlow (1952) 
found that a high percentage of the 
packages examined upon arrival in Wis- 
consin contained infected honeybees. 

In addition to the package bees, re- 
placement queens are another source of 
infection, particularly where attendant 
bees in the queen cages are infected and 
transmit the infection to the queens. A 
third source is the purchase of colonies in 
local areas where the Nosema may not 
be at the epidemic proportions or notice- 
able. Another important source of infec- 
tion is water. Infected bees, which are 
weak, fail into the water and die while 
attempting to escape. The spores of 


Nosema from the dead bees are spread 
throughout the water and taken up when 
healthy bees obtain 
source for colony use. 


water from that 


The Effects of Nosema apis on Package and Overwintered 
Honeybee Colonies Used for Alfalfa Pollination! 
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Newton (1952) stated that the most 
outstanding characteristic of Nosema is 
that it is not only seasonal but periodic. 
It is only a threat to the population of the 
hive in the early spring months when 
colony population increase is in progress 
and winter stores are being consumed. 
Serious epidemics are noted only in cycles 
of several intervening years. One of the 
most dangerous pecularities of this disease 
is that it may be present in a colony or 
all of the colonies in an apiary up to the 
epidemic state and may never become 
apparent to the beekeeper. Farrar (1947) 
notes that Nosema may be an important 
cause of abnormal queen supercedure. 
The possible occurrence of diseases, espe- 
cially American foulbrood, in the apiary 
at the Fort Hays Experiment Station has 
been under observation since the apiary 
was established in 1948. Records have 
been maintained as to the development of 
colonies, and since 1950, daily weights 
have been taken. Abnormal conditions 
have been noted when they occurred. 

Meruops.—During 1951, the honeybee 
colonies at the Fort Hays Experiment 
Station, Hays, Kansas were removed from 
the winter apiary site to an alfalfa field 
two miles east of the laboratory buildings. 
At the end of the alfalfa nectarflow and 
at the close of the alfalfa pollination 
period, the apiary was returned to its 
winter site. In the fall of the year, the 
honeybees were given abundant supplies 
of both pollen and honey and packed in 
three-layered winter overcoat-packing 
cases, two colonies per case. Observations 
were made from time to time to see that 
stores were adequate for the colonies dur- 
ing the winter of 1951-52. Observations 
of honeybee flights were made during the 
winter and spring until the winter over- 
coat-packing cases were removed. Exami- 
nations of the colonies were made during 
1952 at weekly intervals from the time 
the packing cases were removed in the 
spring until October 27. The colonies 
were examined twice during November, 

1 Contribution No. 606, Department of Entomology, and No. 
77 Fort Hays Branch Kansas Agricultural Experiment Station. 


2 Assistant Professor of Entomology, Kansas Agricultural Ex- 
periment Station. 


























October 1953 FRANKLIN: Errect or Nosema APIS ON HONEYBEE COLONIES 


1952, before being prepared for winter. 

Ten 3-pound packages of bees were 
received during the last week of April, 
1952 and were successfully installed. 
These colonies were placed a minimum of 
30 feet apart at a site located more than 
a mile from the location of the overwinter- 
ered colonies. During the first part of 
May, a system was developed which 
allowed the estimation of the number of 
square inches of brood present in each of 
the colonies. Records were maintained, 
starting May 26 and continuing at weekly 
intervals through October 27, for each of 
the remaining overwintered colonies and 
the 10 package colonies. 

The system of manipulation as origi- 
nally developed used three people. One 
person removed the shadeboards, outer 
and inner covers, and honey supers. The 
other two removed the brood combs and 
estimated the number of square inches of 
brood present. The brood in the comb 
was then measured as accurately as pos- 
sible. Three such days of measuring al- 
lowed each person to develop considerable 
accuracy in estimation. The same two 
persons made the counts during the entire 
season. An occasional critical measure- 
ment was made to keep the estimations 
as accurate as possible. 

Four of the package colonies and one of 
the remaining overwintered colonies were 
placed on scales May 31, 1952. Daily 
weights were obtained for each of these 
scale colonies for the months of June, 
August, and September. 

Resutts.—The colonies wintered well 
during the winter of 1950-51 and were at 
strong population levels by July, 1951. 
Some surplus honey was produced from 
sweetclover during the last part of May 
and the first part of June. This nectar 
source Was used, primarily, to increase the 
population of the colonies. The greatest 
gain on any one day in June, 1951 oc- 
curred on June 26 when the six colonies 
gained an average of 9.8 pounds per 
colony and individual colony gains ranged 
from 4.5 to 16.5 pounds. The colonies 
gained an average of 68 pounds for the 
month of June. The greatest colony gain 
was 86 pounds. During the month of 
May, 7.29 inches of precipitation fell dur- 
ing a total of 15 days. There were 21 days 
of precipitation in June which totaled 
13.13 inches of rainfall. 

The colonies gained an average of 31 
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pounds each with individual gains ranging 
from 16.5 to 64.5 pounds per colony dur- 
ing July. The greatest single gain was 10 
pounds on July 15 with the colonies as a 
whole averaging 6.17 pounds per day. 
During July, 4.69 inches of rain fell on 11 
days. 

The greatest gain for any one day in 
August averaged 3.25 pounds per colony. 
Individual colony gains ranged from 1.25 
to 6.25 pounds. The scale colonies gained 
on the average 15.72 pounds per colony. 
Rainfall totaled 3.16 inches and fell on 
nine days. 

The greatest average gain for any day 
during the month of September, 1.38 
pounds, occurred on September 6. Indi- 
vidual colony gains for this date ranged 
from 0.25 to 2.5 pounds. During Septem- 
ber the colonies lost an average of 8.29 
pounds per colony or 0.27 pounds per 
day. The individual colony loss or gain 
ranged from a 20 pound loss to a gain of 
1.0 pound for the month. Rainfall of 5.17 
inches fell on 14 days during September. 

The nectar which the honeybees 
brought in was low in sugar concentration 
which is a reflection of the amount of rain- 
fall and the number of days in which 
rain occurred. The year, 1951, was the 
wettest year on record at the Fort Hays 
Experiment Station. The month of June 
with 13.13 inches of rainfall recorded the 
greatest amount that had ever fallen in 1 
month in the 85 years that records have 
been kept. 

Honeybee flights occurred almost 
weekly during January and February, 
1952. During March flights occurred fre- 
quently. Abundant activity occurred at 
the entrance of each colony. During April 
the number of honeybees in flight lessened 
considerably. There appeared to be con- 
siderable activity at the entrance of each 
of the 26 colonies. Stores were adequate 
in all colonies inspected. 

Packing cases were removed during the 
week of April 15, 1952. Colonies 1 through 
6 appeared to have reduced the number of 
honeybees. By April 23 all of the packing 
cases were removed and the colonies 
closely inspected. Half of the colonies 
were completely dead with a few robber 
bees removing the remaining stores that 
were present. Cappings were strewn over 
the bottom board in the characteristic 
manner that occurs when a colony is 
robbed. The other 13 colonies were in a 
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Table 1.—Number of square inches of capped brood at weekly intervals in 12 honeybee colonies 
at the Fort Hays Experiment Station, Hays, Kansas. 1952. 








Date 1 2 3 4 5 6 
May 26 90 225 225 400 210 450 
June 2 650 450 500 650 505 675 

7) 575 200 750 650 725 750 
16 475 0 575 305 375 400 
23 275 — 500 «250 = 285 100 
30 450 700 450 700 400 










906 600 


14 1550 1000 «500 650 875 
21 1500 1250 750 700 800 
28 5 1625 


August Q 1450 6 
Il 1275 < 1450 675 900 850 
18 1500 & 1250 800 950 900 
5 { -_ 1250 775 850 875 





September 2 37! 1250 750 750 875 
5 2300 1875 875 1250 
15 2450 1050 = 1300 9800 
22 2050 1025 = 1000 775 
29 1625 825 = 875 750 
October 6 950 650 600 550 
13 250 450 = $75 350 
20 125 200 5 175 150 


0 25 


Package Colonies 




















NUMBER OF THE COLONY 


Overwintered Colonies 


—————— Grand 
7 8 9 10 Ave. 11 12 Ave. Ave. 
260 275 500 450 308 200 210 205 291 
350 475 375 775 =540 400 450 425 521 
400 450 750 750 600 500 550 525 588 
250 250 550 600 £378 350 375 362 375 
275 200 300 400 281 350 300 325 289 
600 §=300 =§=6600 675 542 1025 800 912 609 












650 1050 925 988 759 
600 300 850 1000 814 1200 1225 1212 886 
500 450 8950 1250 6 1750 1650 1700 1050 


1775 1250 1512 1130 











1250 1500 1375 998 





750 1000 1050 978 750 1550 1150 1009 
850 1000 1450 1200 1100 600 1750 1175 1114 
1050 1100 1500 1250 1178 300 2150 1225 1186 
1200 1250 1550 1300 1256 O! 2425 1212 1248 
875 1250 1250 1250 1366 825 1750 1288 1350 
875 1050 1300 1450 1284 800 1850 1325 1292 
850 825 875 875 1034 1075 1500 1288 1085 
825 725 575 525 841 1325 1075 1200 912 
575 600 «6450 «86400 =—597 975 800 888 655 
375 550 375 350 384 500 =500 = =6500 408 
150 250 125 200 172 200 250 225 182 
50 50 25 50 28 50 25 28 








1 United weakest colony (4) with this colony. 





weak condition and only three colonies 
appeared to be of sufficient strength to 
survive the spring. Colony Number 26 
was eventually united with 24 since the 
former was queenless and a queen could 
not be developed from either eggs or 
queen cells. In almost every case the 
lower brood chamber of the two chamber 
hive was damp on the inside. This condi- 
tion allowed mold to develop, particu- 
larly on the outside combs. Some of the 
moldy comb, dead bees, and honey were 
sent to the Bee Disease Laboratories of 
the Bureau of Entomology and Plant 
Quarantine at Laramie, Wyoming, and 
Beltsville, Maryland for determination of 
the cause of the death of the colonies. In 
both instances, the diagnosis was Nosema. 
As the individual colonies continued to 
weaken, they were united in an attempt 
to keep them at sufficient strength to 
carry on the necessary activities. As soon 
as the colonies were found to be affected 
they were placed under close observation. 
Dead or diseased bees which had dis- 
tended and black shiny abdomens were 
present throughout all colonies in the 
apiary. A number of dead bees were pres- 
ent on the ground in front of the colonies. 
Some of the dead bees had been unable to 
get beyond the entrance and remained on 
the hive stand and the alighting board. 









Many of the bees could not make their 
way out of the colony and died within the 
colony. There were a number of feces 
spots over the top bars of the lower brood 
chamber, on the inside walls of the hive 
bodies, and on the bottom boards. 

Following the first indication of Nosema 
in 1952, 10 package colonies were ordered 
from Louisiana. These were received dur- 
ing the last week of April. All 10 were 
successfully installed in an apiary site 
located a mile away from the over- 
wintered colonies. The package bees were 
installed on either foundation or on 
foundation that was partially drawn. 
They were fed sugar syrup until the 
sweetclover nectarflow started. No further 
feeding was required. 

An estimation of the number of square 
inches of brood present in each of the 
package colonies and the remaining over- 
wintered colonies was made starting May 
26 and continued until October 27. The 
results of these weekly examinations are 
given in table 1. Package colony Number 1 
started with 90 square inches of brood on 
May 26 and increased rapidly until July 
14. By this time, it had sufficient brood 
and field bees to meet the minimum rec- 
ommendation of 1,400 square inches of 
brood and covering bees that is suggested 
for use in the pollination of alfalfa. The 
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middle of July and through August is the 
period of time in Kansas during which the 
major alfalfa nectarflow is present. This 
also is the time that alfalfa pollination 
services are in the greatest demand. This 
colony did not reach its peak of capped 
brood population, however, until after the 
15th of September. On this date 2,450 
square inches of brood were present. 

Package colony No. 2 started off with 
225 square inches of brood, in one week 
the brood increased to 450 square inches 
then decreased two weeks later to zero 
and by June 23 was dead. The bees pres- 
ent in this colony appeared to be in the 
same condition as had been the bees in 
the overwintered colonies that were 
heavily infected with Nosema. 

Package colony No. 3 started out with 
225 square inches of brood on May 25 
and increased to 1,625 square inches of 
brood by the 28th of July. At this time it 
had reached the minimum requirement for 
alfalfa pollination and for all practical 
purposes, maintained capped brood popu- 
lation until the middle of September. The 
high point in the brood population was 
not reached, however, until September 8, 
when there were 1,875 square inches of 
brood present. 

Package colony No. 4 started with 400 
square inches of brood on May 26 and 
increased during the first 2 weeks of June, 
decreased to 250 square inches of brood 
on June 23, and increased to its high 
point of the season on July 28, at which 
time Nosema was obtaining control of the 
colony. The brood started decreasing and 
on September 2, this colony was united 
with overwintered colony No. 11 which 
had become queenless after moving. Pack- 
age colony No. 4 at the time of uniting 
contained few field bees. 

Package colony No. 5 started off with 
210 square inches of brood on May 26 
and increased slowly and maintained a 
capped brood population level of 700 to 
1,000 throughout the season. The high 
point of 1,300 was reached September 15, 
long after the middle of July when the 
peak of capped brood population should 
have been present. This colony was never 
suitable for alfalfa pollination. Package 
colonies 6, 7, and 8 likewise reached the 
peak of capped brood population late in 
the season, too late to have enabled the 
colony to produce sufficient bees for ade- 
quate alfalfa pollination. The peak of 
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capped population of 1,200 or 1,250 oc- 
curred either the 2nd or 8th of September 
for these three colonies. 

Package No. 9 had 1,400 square inches 
of brood by the middle of August and 
reached the high point of 1,550 square 
inches of brood by September 2. At this 
time the alfalfa bloom was almost past. 
At the middle of July there were only 850 
square inches of brood present which 
meant that this colony was not suitable 
for pollination purposes. 

Package colony No. 10 had 1,450 
square inches of brood on September 15. 
This was the only time during 1952 that 
this colony was suitable for pollination 
but it was two months late. On the 
average, the 10-package colonies never 
became useful for pollination purposes. 

The overwintered colonies started off 
with 200 to 210 square inches of brood, 
increased to 500 square inches, then de- 
creased to 300 to 350 square inches of 
brood June 23. This reduction in brood 
in all colonies on June 23 may have been 
the result of hot dry winds during the 
month of June. Overwintered colonies 11 
and 12 increased in brood so rapidly that 
by the middle of July they were at a 
strength equal to or exceeding the require- 
ment of 1,400 square inches of brood which 
made them suitable for alfalfa pollina- 
tion. On the average, there were 1,700 
square inches of brood present on July 
21. Colony 11 reached its peak of 1,775 
square inches of brood on July 28. Follow- 
ing this date it became queenless on 
moving and remained so until September 
2 when package colony 4 was united with 
it. 

Colony 12 maintained a large capped 
brood population through the peak of 
2,425 on September 2. This colony was 
useful for pollination purposes throughout 
the entire alfalfa season. In spite of the 
weakened condition caused by Nosema 
disease, the overwintered colonies pro- 
duced a greater amount of brood and 
reached a peak of population at an earlier 
date than did the package colonies. Of the 
package colonies, only colony No. 1 re- 
acted as package colonies have in the past 
4 years. The usual occurrence is for the 
package colonies to reach a peak in 
capped brood population and be suffi- 
ciently strong as to be useful for alfalfa 
pollination by the middle of July. As will 
be seen from table 1, only package colony 
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Table 2.—Colony weights and quantity of capped brood of the honeybee scale colonies. Fort Hays 


Experiment Station. Hays, Kansas. 1952. 








JUNE Juty 
PACKAGE - - 
OR Average Gain 
Over- brood or 
WINTERED Sq. in. loss 


A vernal Gain 
brooc or 


COLONY 
Sq. in. loss 


NUMBER 


Package 605 10.00 1194 
Package 560 = —2.25 725 
Package 375 4.25 562 
Package 515 3.00 906 
Package 3.75 847 


3.50 
5.25 
{ 15.50 
Average 13.94 


ll Overwintered 525 18.50 1444 70.00 


31.50 


AuGust SEPTEMBER 
Average Gain 
brood or 
Sq. in. loss 


Average Gain 
brood or 
Sq. in. loss 


Brood 
Sq. in. 
—13.75 1068 
— 5.00 766 
— 9.50 664 
— 16.00 921 
—11.06 868 


1350 6.00 1205 
888 0.50 960 
800 2.50 925 

1206 3.00 1110 

1061 3.00 1050 


0.62 

1.38 

2.41 
16.12 


725 —3.00 805 —21.00 851 





No. 1 reached this point. 

Colony weights and the quantity of 
brood of the honeybee colonies on scales 
are given in table 2. The four package 
colonies averaged 514 square inches of 
brood. The greatest amount for June was 
605 square inches and the least 375. 
The average gain or loss in weight for the 
package colonies was 3.75 pounds with 
the low a loss of 2.25 pounds for package 
colony No. 5 and the high a gain of 10 
pounds for package colony No. 3. The 
overwintered colony, No. 11, had a net 
gain of 18.5 pounds during the month of 
June. 

During July the average number of 


square inches of brood in the package colo- 
nies was 847 square inches. The low was 
562 square inches for package colony No. 
7 and the high 1,094 square inches of 
brood for package colony No. 3. Over- 


wintered colony 11 had 1,144 square 
inches of brood. The average gain was 
13.94 pounds for the package colonies. 
The low colony, No. 5, gained 3.5 pounds 
and the highest colony, No. 3, gained 
$1.5 pounds. The overwintered colony 
gained 70 pounds during the month of 
July. 

During August the package colonies 
averaged 1,061 square inches of brood in 
comparison with 725 square inches of 
brood for the overwintered colony. The 
package colonies gained an average of 3 
pounds during the month of August while 
the overwintered colony lost 3 pounds. 
During September the package colonies 
averaged 1,050 square inches of brood 
while the overwintered colony had 805 
square inches of brood. The package 
colonies had an average loss of 11 pounds 
for the month and the overwintered 
colony a loss of 21 pounds. For the 4 
months the average was 868 square 
inches of brood per month for the package 
colonies and for the overwintered colonies 


851 square inches of brood. The average 
gain per month was 2.41 pounds for the 
package colonies and 16 pounds for the 
overwintered colonies. 

Summary.—The summer of 1951 was 
unfavorable for either honey production or 
alfalfa seed production at Hays, Kansas 
because of excessive rainfall and the 
number of days in which precipitation 
occurred. The excessively moist condition 
also caused a considerable lowering of the 
sugar concentration in alfalfa nectar. 
This low sugar nectar was brought into 
the colony and required a number of 
supers to be placed on each colony before 
the nectar could be processed into honey. 
When the colonies were placed in the 
winter-packing cases during the 1951-52 
season, this honey was used for food. 
November, December, January, and Feb- 
ruary, had below normal rainfall while 
March and April had above normal rain- 
fall. March and April were also several 
degrees cooler than normal. 

A severe infection of Nosema was dis- 
covered in April, 1952, which eventually 
killed 24 of the 26 colonies in the apiary. 
The diseased bees had black, shiny, dis- 
tended abdomens. Many dead bees were 
found within the colonies and in the grass 
outside of the colonies. Feces spots were 
present over most of the inside of the 
hives which housed the colonies. 

Ten 3-pound packages of bees with un- 
tested queens were obtained in April, 
1952, from Louisiana. In the packages 
were dead and diseased honeybees which 
resembled the infected bees in the over- 
wintered colonies. 

Weekly examinations were made dur- 
ing the late spring and summer of the 
amount of capped brood which developed 
in both the package and the overwintered 
colonies. Only one package colony ap- 
proached normal conditions. One other 
package colony had partial development. 
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Six other package colonies had poor brood 
development. One package colony de- 
veloped slowly and was united with a 
queenless overwintered colony. The re- 
maining package colony died the second 
week in June. Only package colony No. 
1 became useful for alfalfa pollination 
by the middle of July. The other colonies 
reached capped brood population peaks 
in September. 

Overwintered colonies, even though 
weakened from Nosema, developed suffi- 


Hastincs & Peprer: ALFALFA WEEVIL STUDIES 


785 


cient brood with the advent of the sweet- 
clover nectarflow to reach capped brood 
population levels sufficient to make them 
satisfactory for alfalfa pollination. A mini- 
mum of 1,400 square inches of brood 
which is necessary for pollination pur- 
poses was attained by the middle of July. 

The overwintered colony produced 91 
per cent more honey than the best pack- 
age colony on scales and 569 per cent 
more honey than the average of the four 
package colonies on scales. 
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Further Contributions to Alfalfa Weevil Studies! 


Evtswortu Hastines and J. H. Perper 


Statements concerning the extent of 
damage to alfalfa forage yields attributa- 
ble to the activities of the alfalfa weevil 
are being based to a large extent on con- 
jecture. Estimates varying from little or 
no damage to as much as several tons per 
acre are not uncommon. The following 
studies were carried on in order to more 
clearly understand the role of the weevil 
in alfalfa forage production. 

It is frequently said that damage can 
be averted by harvesting the first cutting 
before larval feeding becomes evident. 
While larval feeding can be minimized and 
a more palatable forage provided by fol- 
lowing this practice, tonnage must be 
sacrificed. This practice, at best, can have 
merit only as a stopgap method where 
early control is not undertaken. By com- 
paring the unthrifty growth on an un- 
treated portion of a field with that of the 
thrifty, treated segment, it can be seen 
that oviposition punctures alone can dam- 
age the stem sufficiently to result in re- 
duced first cutting yields. 

It is the belief of some workers that, 
even though second growth alfalfa is de- 
layed by larval feeding on the new shoots, 
growth is so rapid when feeding ceases 
that complete recovery results. Here 
again, Where visual comparisons were 
made and measurements of height of 


growth taken, this was not found to be the 
case. The production data strongly cor- 
roborate these observations. 

Several factors may, of course, have a 
profound influence on the extent of the 
damage in total yield which might be 
sustained. The situation is further compli- 
cated by the fact that many of these fac- 
tors also will affect yields in the absence of 
weevil damage and that such factors are 
interdependent in their effects. The popu- 
lation density of the larvae, the cultural 
practices, and the soil fertility are among 
the principal influents. Under certain 
conditions a measure of control over the 
influencing factors, particularly cultural 
practices, may be exercised. However, all 
too often the situations which result are 
beyond the control of the grower. For 
example, where early cutting is contem- 
plated, a few days’ delay due to adverse 
weather conditions or equipment break- 
downs can and will make considerable dif- 
ference in the foliage damage which will 
result. 

The true role of the weevil in alfalfa 
forage production is rather difficult to 
evaluate exactly, and, except in a general 
way, the results of damage studies should 

1 Contribution from Montana State College, Agricultural Ex- 


periment Station. Project No. MS 859, Paper No. 296 Journal 
Series. 
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Table 1.—Alfalfa forage yields and population levels. 








Tons/AcrE 


SECOND 
CUTTING 


Tons/AcrE 
First CutrrinG 


Field No. 1 


(16 per cent reduction in total yields) 


PopuULATION 
LEVEL (LARVAE 
Tons/Acre /Sweep) at First 
Tora. Cuttine TIME 


ry’ jf 
Tons/AcRE 
Turrp Cutting 





Treated ~- — _ 5.0 2 
Untreated — — — 4.2 35 
Difference (Three cuttings obtained) 8 

om _ - + -_ - - — = —— ——E — = —_ - 

Field No. 2 (34 per cent reduction in total yields) 
Treated 2.1 1.8 1.4 5. l 
Untreated 1.4 1.2 9 3.5 112 
Difference a 6 5 1.8 

Field No. 3 (47 per cent reduction in total yields) 
Treated 8 9 - i Hey 5 
Untreated 5 4 -- 9 98 
Difference 3 5 8 

Field No. 4 (15 per cent reduction in total yields) 
Treated 1.3 1.3 - 2.6 t 
Untreated 1.0 12 : 8.2 111 
Difference 8 a 4 

Field No. 5 (28 per cent reduction in total yields) 
Treated 2:7 _-s 4 5.9 7 
Untreated 2.5 1.0 8 4.3 139 
Difference R - Ei 8 1.6 

Field No. 6 (27 per cent reduction in total yields) 
Treated .F ) By — 3.4 5 
Untreated Ls 1.2 — 2.5 127 
Difference 4 5 9 

Field No. 7 (16 per cent reduction in total yields) 
Treated 2.8 $.2 9 6.9 5 
Untreated 2.3 3.0 5 5.8 134 
Difference 5 2 4 1.1 

Field No. 8 (19 per cent reduction in total yields) 
Treated a1 -- 2.1 3 
Untreated Es f — — Ey 128 
Difference 4 Dry land (one cutting only) sf 













not be presumed to be universally appli- 
cable. The factors which modify produc- 
tion, with or without weevil damage, do 
not do so to the same extent in different 
fields. 

In order to obtain data which will pre- 
sent a reasonably accurate picture of al- 
falfa weevil damage, yields for compari- 
son must be obtained from portions of a 
single uniform field. By following this pro- 
cedure, variations between plots in the 
uncontrollable factors which may influ- 
ence production will be held at a mini- 
mum, and the yields obtained will be rep- 
resentative of the specific conditions which 
exist in the particular field. The fact that 
virtually complete control of alfalfa weevil 
is assured on a specific portion of a mea- 
dow, when early spray application is 





properly used, makes it possible to com- 
pare yields from treated and untreated 
portions of the same field. 

Eight different alfalfa fields throughout 
Yellowstone County, Montana, seven of 
which were irrigated and one dry land, 
were obtained for experimental use. They 
varied in size from 25 to 44 acres each, 
and represented, as might be expected, a 
wide variety of soil types, fertility, pro- 
duction levels, and cultural practices. The 
dry land field was chosen for the purpose 
of studying weevil effect on alfalfa seed 
production. However, drouth conditions 
prevented a uniform production of seed, 
even within this limited area, thus pre- 
venting the completion of these studies. 

Each field was divided into two approxi- 
mately equal-sized portions, and these 
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were mapped by the use of the plane table- 
alidade-stadia method. The areas were 
then determined by measuring the maps 
with a planimeter. Control measures were 
applied on half of each field by “‘ground- 
rig’ spray at or before the appearance of 
new spring growth. From this point on, 
the farmer-operator treated both portions 
of the field in the same manner from the 
standpoint of cultivation, fertilization, 
irrigation, etc. However, due to weevil 
activity in some instances, the dates of 
second cutting harvest were delayed on 
untreated portions of a field as long as 16 
days after the treated portion had been 
harvested. Larval population levels were 
determined by taking 200 sweep samples 
from each plot just prior to first cutting 
harvest. 

The results of the damage studies will 
be found in table 1. The yields of alfalfa in 
fields 1 and 3 were obtained by measuring 
the stacked hay, in field No. 7 by weigh- 
ing the forage as it was trucked out of the 
windrow, and in the others by calculating 
the tonnage from the weights of a repre- 
sentative number of bales from each plot. 
With the same baler settings, bales from 
the untreated portions of the fields were 
found to weigh from 5 to 12 pounds less 
than those from the treated areas. This 
was presumed to result from the excessive 
loss of leaf surface in the weevil-damaged 
forage. Three cuttings are possible and 
normal in the irrigated areas; however, 
some operators manage to get only two. 

It will be noted from table 1 that, with 
but one exception, the population levels 
of larvae at the time of first cutting were 
high and relatively uniform throughout 
the test area. Field No. 1 was cut early, 
before many larvae appeared, and, while 
foliage damage was apparent in the un- 
treated portion, it was not excessive. In 
cutting early, the operator had hoped to 
avoid losses from first cutting larval feed- 
ing, as well as from retardation of second 
growth. Little or no retardation occurred, 
and growth of second cutting—5 weeks 
after the first cutting was removed— 
appeared very similar in both the treated 


and untreated portions of the field. In each’ 


part of this field the subsequent cuttings 
were added to the original stacks, and 
sufficient time did not elapse for settling 
to obtain individual cutting yields. How- 
ever, from observations it appears as 
though the greater portion of the 0.8 
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ton per acre total loss was suffered on first 
cutting as a result of adult weevil activity. 

It will also be noted that total losses in 
the various fields ranged from 0.4 ton to 
as much as 1.8 tons per acre, and that the 
percentage reduction in tonnage varied 
from 15 to 47 per cent. A large loss in 
tonnage does not necessarily result in a 
large percentage loss. The least variable 
factor in most of these fields was the 
larval population at the time of first cut- 
ting, the normal yield levels and cultural 
practices being the greatest causes of 
variation. For instance, the treated por- 
tions of Field 4, which had the lowest per- 
centage loss as well as tonnage loss, 
should have with proper cultural practices 
produced at least twice the yield reported. 
While applying these practices would have 
had an effect on the untreated portion, it 
is evident that they would not have had 
the same degree of effect. Field 7, one of 
high-level production, suffered the same 
percentage loss as Field 4. However, the 
tonnage loss was nearly three times that 
of Field 4. 

The yield differential in Field 8, 0.4 ton 
per acre, is indicative of what might be 
expected in dry land fields where only one 
forage cutting is obtainable. Field 3, a 
low-yield field, very closely resembled dry 
land conditions inasmuch as little or no 
irrigation water was available. 

The data show that, in each case where 
individual cutting yields could be ob- 
tained, damage to some degree is experi- 
enced in every cutting. Larval feeding on 
the leafy portion of the forage was evident 
in second cutting on all fields except Nos. 
1 and 4. First cutting was harvested on 
this latter field at a time when second 
cutting was being harvested on neighbor- 
ing fields. Loss in tonnage is shown to be 
quite extensive on the second cutting in all 
other fields, even though the untreated 
portion of the fields was not :arvested 
until the stage of growth approximated 
that of the treated portion at the time it 
was cut. The yield differential in third cut- 
ting within the various fields results from 
the shorter length of time the untreated 
portion had for growth prior to damaging 
frosts. 

As a result of these studies it appears 
as though economic losses may be experi- 
enced from alfalfa weevil activities— 
regardless of the cultural practices ap- 
plied. In fact, alfalfa fields producing at 
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a high level were found to be suffering the 
greatest tonnage loss from the ravages of 
this insect. 

The second phase of the 1952 alfalfa 
weevil studies dealt with testing the effec- 
tiveness of heptachlor for pre-season con- 
trol of adult weevils. Both aircraft and 
ground applications were tested at vary- 
ing dosage levels. A total volume of 2 gal- 
lons per acre of diesel fuel was used for the 
aircraft applications, and 8 gallons per 
acre of water emulsion was applied when 
ground equipment was used. The insecti- 
cide was applied either at or before the 
appearance of new growth in the spring. 
Each treated plot was approximately 
twenty acres in extent, and equal size 
adjoining plots were left untreated for 
purposes of comparison. Two hundred- 
sweep samples were taken from transects 
across each of these treated and untreated 
plots just prior to first cutting and the 
larvae obtained were counted to deter- 
mine population levels. The results of 
these tests are presented in table 2. 


Table 2.—Results of heptachlor tests against 
alfalfa weevil adults. 


Aircraft Application (Heptachlor) 








LARVAE/SWEEP IN 
Piots at First 
Cutting Time 


Per Cent 
ReEpwUcTION 
IN LARVAL 











Prot Conc. AcRE PopuLaTION ———__——_—— ~ 
No. (OuNCcEs) Treated Untreated 
l 8 82 3.4 19 
2 8 93 2.8 42 
3 8 99 5 48 
+ 8 91 4.0 45 
Average: 91 Average; 2.6 
5 6 95 2.8 47 
6 6 93 3.1 47 
7 6 96 sO 47 
Average: 95 Average: 2.5 
8 4 89 §.1 47 
9 4 96 1.8 41 
10 4 79 9.5 45 
11 + 80 8.8 45 
Average: 86 Average: 6.3 
Ground Application (Heptachlor) 
12 4 99 0.0 112 
13 4 4 5 90 


Average: 97 Average: .3 





As will be seen in table 2, the indicated 
reduction in larval populations at all 
dosage levels showed that a marked de- 
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gree of control was obtained; but, when 
observations on foliage damage were 
made, control was not found to be ade- 
quate in two of the 4 ounce-per-acre tests 
where aircraft application was used. 

The question of the number of larvae 
which can be present after early treat- 
ment and yet adequate control still result 
frequently arises. Heretofore, adequate 
control has been considered to be the 
absence of visible damage at the time of 
first cutting. By using these data, along 
with observations on foliage damage at the 
above-mentioned time, it is possible to set 
a control level which should be attained 
in terms of numbers of larvae present at 
first cutting. Under the usual conditions 
encountered relative to timing of this 
first cutting, a population of less than five 
larvae per sweep at this time does not 
vause readily apparent damage. When 
numbers of larvae greater than five per 
sweep are present, leaf damage is usually 
visible. Considerable savings in tonnage 
and an improvement in quality will result 
even though the population of larvae is 
reduced only to a level of 10 or 15 per 
sweep. However, if a better level of con- 
trol than that just described does not 
result, full benefits from the control effort 
have not been obtained, and the problem 
is being perpetuated by leaving sufficient 
numbers of weevils to maintain economic 
yearly infestations. Inadequate dosages 
could likewise have an effect in aiding 
toward the development of resistance to 
insecticidal control. The application of 
early spring control measures after egg 
laying has begun will result in a lower 
level of control, as will the use of inade- 
quate dosages. It is to the best interests 
of future weevil damage prevention to 
obtain as near complete control as pos- 
sible. 

The data presented in table 2, along 
with the observations on visible damage, 
showed that under the conditions of these 
experiments 6 ounces of heptachlor per 
acre when applied by aircraft was neces- 
sary to provide adequate weevil control. 
Four ounces per acre when applied by 
ground equipment was shown to produce 
virtually complete control. 
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Control of the Serpentine Leaf Miner on Peppers 


GeorGcE P,. Wrens, Texas Agricultural Experiment Station, Weslaco, Texas 


The serpentine leaf miner, Liriomyza 
subpusilla (Frost) ,' has recently developed 
as a major insect pest of cantaloupes, 
blackeyed peas, tomatoes, and peppers in 
the Lower Rio Grande Valley of Texas. 
Before 1947 the pepper weevil, Anthono- 
mus eugenii Cane, was considered as the 
major insect pest of peppers. Since that 
time the serpentine leaf miner has been 
increasing in importance so that by 1952 
control of the serpentine leaf miner was 
considered as the major problem in the 
production of peppers. It is interesting 
to note that the importance of the ser- 
pentine leaf miner problem paralleled 
the discovery and increased use of the 
organic insecticides. 

Commercial control of leaf miners was 
obtained during 1949, 1950 and 1951 with 
weekly applice itions of 5 per cent chlor- 
dane, 2.5 per cent aldrin and 2.5 per cent 


dieldrin. During the 1952 pepper growing 


season these treatments failed to give 
control. 

Using high volume sprays, Wolfen- 
barger (1947) found chlordane to be supe- 
rior to benzene hexachloride as a control 
for the serpentine leaf miner, Liriomyza 
pusilla (Meig.), on potatoes. His data also 
showed that a DDT spray was of little 
value in controlling this insect. Mayeux & 
Wene (1950) showed that a dust mixture 
of 5 per cent chlordane and 5 per cent 
DDT was superior to a mixture of 1 per 
cent gamma benzene hexachloride with 5 
per cent DDT in controlling the serpen- 
tine leaf miner on bell peppers. Michel- 
bacher et al. (1952) obtained satisfactory 
control of Z. subpusilla on melons with 8 
to 12 ounces of dieldrin and 12 to 16 
ounces of aldrin or heptachlor applied as 
a spray. One application gave protection 
from leaf miners for a period of three 
weeks. Wilcox & Howland (1952) working 
with Liriomyza sp. on tomatoes reported 
5 per cent DDT+2 per cent parathion, 
5 per cent DDT+2 per cent EPN, 5 per 
cent DDT+5 per cent aldrin, and 5 per 
cent DDT+2.5 per cent dieldrin gave 
excellent to fair control. They also stated 
that the organic phosphates gave best 
control when applied at weekly intervals 
but aldrin and dieldrin gave best control 


~ 


‘ 


when applied at 2-week intervals. In their 
spray experiments excellent control was 
obtained with mixtures of DDT+par- 
athion and DDT with Metacide; fair con- 
trol was obtained with heptachlor, aldrin, 
and dieldrin; while toxaphene gave poor 
control. Hills & Taylor (1951) reported 


Table 1.—Effectiveness of insecticidal dusts 
in controlling the pepper leaf miner (1950). 








Per Cent AVERAGE 
INFESTED No. MINERS 











TREATMENTS! LEAVES PER LEAF 
2.5% Dieldrin 22 0.6 
2.5% Aldrin 29 0.9 
1.0% EPN 31 0.9 
5.0% Heptachlor 39 0.9 

20.0% Toxaphene 42 1.0 

5.0% Chlordane 46 1.2 

Untreated 74 2.8 





1 Applied November 9, 16 and 20. 


that parasites controlled Liriomyza sp. 
in a number of cantaloupe fields. In small 
plot work they found that applications of 
DDT killed the parasites and did not 
affect the leaf miners. 

ExPreRIMENTS IN 1950.—The field in 
which these experiments were conducted 


Table 2.—Effectiveness of insecticidal dusts in 
controlling the pepper leaf miner (1950). 








Per Cent AVERAGE 
InNFEsTED No. MINERS 


TREATMENTS! LEAVES PER RL EAF 
2.5% Aldrin 27 0.9 
1.5% Metacide 30 0.9 
1.0% Parathion 35 La 
5.0% Chlordane 38 1.2 
3.0% g BHC 44 4 
5.0% DDT 90 3.2 

Untreated 85 2.9 





1 Applied November 16 and 23. 


had been abandoned by the grower be- 
‘ause a severe leaf miner infestation had 
defoliated most of the pepper plants. The 
plants were approximately one foot in 
height. Two experiments were conducted 
in this field, the treatments applied are 
shown in tables 1 and 2. In both experi- 


1 Identified by R. H. Foote, U.S.D.A., Bureau of Entomology 
and Plant Quarantine. He states that the species Liriomyza sub- 
pusilla (Frost) is currently considered actually as a complex of 
species, the limits of which have not been worked out. 
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ments the plots were 0.1 acre in size and 
each treatment was replicated four times. 
The dust treatments, shown in tables 1 
and 2, were applied with rotary hand 
dusters at approximately 20 pounds per 
acre. In the first experiment the treat- 
ments were applied three times while 
those in the second experiment were only 
applied twice. Data were taken 8 days 
after the final application. Infestation 
records consisted of selecting five plants 
at random in each plot and then examin- 
ing 5 leaves from each plant for leaf 
miner injury. Treatments were continued 
after the data had been taken but an 
early frost killed the plants 2 weeks later. 

The treatments in both experiments had 
improved the appearance of the pepper 
plants so much that the grower decided to 
resume cultural operations and irrigated 
the field. 

The data in tables 1 and 2 show that the 
organic phosphates, 1 per cent EPN, 1 per 
cent parathion, and 1.5 per cent Metacide, 
were more effective than 5 per cent chlor- 
dane in controlling the serpentine leaf 
miner on peppers. Plots dusted with 20 
per cent toxaphene and 5 per cent hepta- 
chlor had less miner infested leaves than 
did the chlordane dusted plots but more 
than the EPN treated plots. Applications 
of 2.5 per cent aldrin, and the same con- 
centration of dieldrin gave the best leaf 
miner control as can be seen by the data 
in tables 1 and 2. A 3 per cent gamma 
benzene hexachloride dust was less effec- 
tive than the 5 per cent chlordane dust. 

The data in table 2 show that two ap- 
plications of a 5 per cent DDT dust per- 
mitted an increase in the number of miner- 
infested leaves. Leaves from the untreated 
plots averaged 2.9 mines per leaf whereas 
the leaves from the DDT dusted plots 
averaged 3.2 mines per leaf. 

EXPERIMENT IN 1951.—The objective 
of this experiment was to determine the 
effect of various insecticidal dusts on leaf 
miner populations infesting bell peppers. 
The plots were 0.017 acre in size and each 
treatment was replicated four times. 
The treatments, shown in table 3, were 
applied with rotary hand dusters at 
approximately 20 pounds per acre on Sep- 
ter 4, 11, 18 and 25. The per cent of in- 
festation was determined by counting the 
number of infested leaves from a 10 leaf 
sample pulled from each of 10 plants 
selected at random in each plot one day 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 46, No. 5 


Table 3.—Effectiveness of insecticidal dusts in 
controlling the pepper leaf miner (1951). 








Per Cent INFESTED 
LEAVES 


Before 
2.5% Aldrin 14 17 
2.5% Dieldrin 7 18 

20.0% Toxaphene 19 
5.0% Chlordane 20 
5.0% TDE 36 
5.0% DDT 33 
5.0% Methoxychlor 34 

Untreated 26 


‘TREATMENTS! 


After 





wm D1 





1 Treatments applied on September 4, 11, 18 and 25. 


before the first application and again 6 
days after the fourth application. The 
data in table 3 show that the leaf miner 
population was lower in the aldrin, diel- 
drin, toxaphene and chlordane treated 
plots than in the untreated plots. Plots 
treated with DDT, TDE, and methoxy- 
chlor had a greater per cent of infested 
leaves than did the untreated plots, indi- 
cating that DDT, and its related com- 
pounds tend to increase leaf miner infes- 
tations. 

EXPERIMENTS IN 1952.—Dusts: The 
plots in the first experiment were 0.04 acre 
in size. Each treatment was replicated 
three times. The treatments, shown in 
table 4, were applied with rotary hand 
dusters at approximately 30 pounds per 
acre. The first three treatment applica- 
tions were applied on September 6, 8 and 
12. On September 15, a 6 inch rain fell 
and applications were not resumed until 
September 22. The treatments were ap- 
plied again on September 26 and 29. At 
the start of this experiment the pepper 
plants were setting a few flowers, which 
would not “stick” to the plant because of 
the severe leaf miner infestation. Four 


Table 4.—Effectiveness of insecticidal dusts in 
controlling the pepper leaf miner during 1952. 








AVERAGE 
Per Cent NUMBER 
INFESTED Pops PER 
TREATMENTS! LEAVES PLANT 
2.0% Parathion 32 5. 
2.5% Dieldrin 31 $.§ 
2.5% Aldrin 36 
20.0% Toxaphene 38 
Untreated 50 








1 Treatments were applied on September 6, 8, 12, 22, 26 and 
29. 
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days after the final dusting 10 plants were 
selected at random in each plot. A 10- 
leaf sample was pulled from each plant 
and the per cent of miner infested leaves 
determined. At the same time the number 
of pepper pods, with a minimum diameter 
of a copper cent, were counted on each 
plant. 

The data in table 4 show that an appli- 
cation of insecticides, such as parathion, 
aldrin, dieldrin and toxaphene gave leaf 
miner control when applied at 4-day inter- 
vals. Plants dusted with 2 per cent para- 
thion set more pods than those dusted 
with 2.5 per cent aldrin, 2.5 per cent 
dieldrin, or 20 per cent toxaphene. 

In the second experiment, each plot was 
(0.02 acre in size. The treatments, shown 
in table 5, were applied with rotary hand 
dusters at approximately 35 pounds per 
acre, each treatment being repeated three 
times. The weekly dust treatments were 
applied on September 19, 26, October 3, 
and 10. The semi-weekly dusted plots 
were dusted on September 19, 23, 26, 30, 
October 3, 8, 10, and 13. Six days after 
the final treatment application, 10 plants 
were selected at random in each plot. A 
10-leaf sample was pulled from each plant 
and the per cent of miner-infested leaves 
determined. 

The data in table 5 show that weekly 
applications of 2 per cent parathion was 
more effective than either 2.5 per cent 
aldrin or the same concentration of diel- 
drin in controlling the serpentine leaf 
miner on bell peppers. The best control 
was obtained with 2 per cent parathion 
applied at semi-weekly intervals. Aldrin 
and dieldrin applied at semi-weekly inter- 


Table 5.—Effectiveneess of insecticidal dusts 
in controlling the pepper leaf miner during 1952. 














Per CENT 
APPLICATION LEAVES 

TREATMENTS! INTERVAL INFESTED 
2.0% Parathion Weekly 34 
2.0% Parathion Semi-weekly 1 
2.5% Dieldrin Weekly 46 
2.5% Dieldrin Semi-weekly 20 
2.5% Aldrin Weekly 48 
2.5% Aldrin Semi-weekly 20 
Untreated 70 





! Weekly treatments applied on September 19 and 26, Oc- 
tober 3 and 10. Semi-weekly plots were dusted on September 19, 
/3, 26 and 30, October 3, 8, 10 and 13. 
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Table 6.—Effectiveness of high volume sprays 
in controlling the pepper leaf miner during 1952. 











AVERAGE 

Per Cent NUMBER 

INSECTICIDE PER 100 Leaves’ Pops PER 

Ga.ions Water! INFESTED PLANT 

0.5 lb. EPN 24 4.3 
0.4 lb. Metacide 30 3.7 
0.4 Ib. Systox 27 3.0 
0.2 Ib. Systox 30 2.6 
0.5 Ib. Aldrin 44 0.7 
1.0 Ib. Aldrin 46 0.8 
0.4 Ib. Dieldrin 40 1.5 
2.0 lbs. Toxaphene 44 1.8 
0.5 lb. CS-708 44 0.8 
Untreated 56 0.5 





1 All treatments, except the Systox sprays, were applied on 
the following days: September 5, 8, 12, 22, 26 and the 29th. 
The Systox sprays were applied on September 5 and 22. 
vals were not as effective as the parathion 
dust applied at the same interval but were 
more effective than the 2 per cent par- 
athion applied at weekly intervals. 

Sprays: Each treatment plot consisted 
of a single row of peppers, 30 feet in 
length. Each treatment was replicated 4 
times. The treatments, shown in table 6, 
were applied with a 3-gallon hand com- 
pression sprayer, which applied the spray 
at the rate of 100 gallons per acre. The 
Systox sprays were applied on September 
5, 22, and 29. All other treatments were 
applied on the following dates: September 
5, 8, 12, 22, 26 and 29. A 6-inch rain 
September 15 is responsible for the length 
of the interval between the third and 
fourth application. Four days after the 
final spray application 10 plants were 
selected at random in each plot. A 10 leaf 
sample was pulled from each plot and the 
per cent of miner infested leaves deter- 
mined. At the same time the number of 
pepper pods, with a minimum diameter 
of a copper cent, were counted on each 
plant. 

The data in table 6 show that the or- 
ganic phosphates gave the best leaf miner 
control. EPN, applied at 0.5 pound per 
100 gallons of water, set the greatest num- 
ber of pods and had the least number of 
infested leaves. Metacide, applied at 0.4 
pound was almost as good. The data in 
table 6 show that Systox gave fair control 
and should be investigated more. The 
data in the table show that aldrin, diel- 
drin, CS-708 and toxaphene were not as 
effective as the organic phosphates. 

Parasites: Samples of infested leaves 
were collected in the field and then 








792 


fields during 1952. 
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Table 7.—The abundance of the leaf miner parasite Derostenus sp., in various vegetable 








AVERAGE NUMBER PER LEAF 






















No. oF = ~- 
Piant Host Stace or Growtu _ InsecticipE Usep LEAVES Leaf Miners Parasites 
Blackeyed Peas 2-Leaf None 10 0.1 0.1 
Blackeyed Peas Small pods None 10 15.6 2.4 
Blackeyed Peas Mature pods None 15 33.0 1.3 
Peppers Flowering 0.3 Ib. Dieldrin! 20 4.1 0.2 
Peppers 6 to 7 Leaves 2.5% Dieldrin? 20 0.8 0.0 
Peppers Small pods 2% Parathion® 20 0.0 0.0 
Peppers Small pods 2% Parathion*® 20 0.0 0.0 
Cantaloupes Mature 2.5% Dieldrin* 5 0.0 3.6 








1 Applied as a spray at 4 weekly intervals. 
2 Dusted 7 days before sample was taken. 
3 Airplane dusted 6 times at semi-weekly intervals. 
4 Airplane dusted throughout the season. 


placed in one quart ice cream cartons 
fitted with test tube windows. They were 
kept in the office and observed for 4 weeks. 
Records were kept of the number of leaf 
miners and parasites emerging on an 
average leaf population basis. 

During the month of September for the 
years of 1948 to 1951, light leaf miner 
infestations have been observed on black- 
eyed peas in the 2-leaf stage of growth. 
These infestations usually disappear as 
the peas reach maturity. In September of 
1952 a sample of 10 infested leaves was 
collected in a field in the 2-leaf stage of 
growth. One leaf miner and _ parasite, 
identified as Derostenus sp.,2 were reared 
from this sample. Observation taken 3 
weeks later showed that the leaf miners 
had disappeared from this field. 

Leaf samples were taken from 2 black- 
eyed pea fields which were in the small 
and mature pod stage of growth. The data 
in table 7 shows that the leaves in both 
fields were heavily infested with leaf 
miners. The data also show that the para- 
site was active. However, the leaves were 
dropping off the plants to an extent 
which indicated that the parasite popula- 
tion wasn’t large enough to give commer- 
cial control of the serpentine leaf miner. 
Neither field had received any insecticide 
treatments, but both were adjacent to 
vegetable fields which had been dusted 
repeatedly with toxaphene, dieldrin, and 
parathion. 

Samples from a pepper field which had 
been sprayed 4 times at weekly intervals 
with 0.3 pound dieldrin per acre showed 
that dieldrin did not control the leaf 


miner. The data in table 7 show that this 





spray kept the parasite population at a 
low level. Leaves taken from a field which 
had previously been dusted with 2.5 per 
cent dieldrin yield leaf miners but no 
parasites. A field of cantaloupes had been 
dusted during the regular growing season 
with 2.5 per cent dieldrin. Approximately 
2 weeks after the insecticide applications 
had ceased and when most of the plants 
were dead, leaves were collected and 
placed in the rearing cartons. Only the 
parasite Derostenus sp. was reared from 
these leaves. 

Two fields of peppers in the small pod 
stage had severe leaf miner infestations at 
the time the grower started dusting with 
the 2 per cent parathion dust, which was 
applied 6 times at semi-weekly intervals. 
The data in table 7 show that dusting 
with 2 per cent parathion kept the pepper 
leaves free from leaf miners and _ their 
parasites. 

Summary.—In 1950 the best control 
of the serpentine leaf miner was obtained 
with 2.5 per cent dust concentrations of 
aldrin and dieldrin applied at weekly in- 
tervals. 

The experiment conducted during 1951 
showed that DDT, TDE, and methoxy- 
chlor applied as 5 per cent dusts actually 
increased the number of miner infested 
leaves. 

During 1952 the best control of serpen- 
tine leaf miner injury was obtained with 2 
per cent parathion dust applied at 4-day 
intervals. The organic phosphates EPN 
and Metacide were superior to aldrin, 
dieldrim and toxaphene, when applied as 


2 Identified by Dr. B. D. Burks, U.S.D.A., Bureau of Entomol- 
ogy and Plant Quarantine. 











1 


Oo 


ible 


EAF 


ich 
per 

no 
en 
son 
ely 
ons 
nts 
nd 
the 
om 


vod 

at 
ith 
yas 
ls. 
ing 
per 
eir 


rol 
ied 
of 


in- 


on- 
12 
ay 
»N 
in, 

as 


nol- 











October 19538 Mepiter & ALBERT: ALFALFA INSECTS AND Boron TREATMENTS 793 


« high volume spray for serpentine leaf 


miner control. 


A leaf miner parasite, Derostenus sp., 


was reared from serpentine leaf miner 
infestations found on blackeyed peas, 
peppers, and on cantaloupes. 
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The Relationship Between Populations of Alfalfa Insects 
and Soil Treatments with Boron 


J.T. Mepuer and A. R. ALBEert! 


Much of the alfalfa grown in Wisconsin 
lacks sufficient available boron, according 
to Berger & Truog.? Boron was first sug- 
gested as being essential for alfalfa by 
Brenchley & Warington (1927), and a 
number of Russian and American investi- 
gators have previously reported that al- 
falfa seed yields are increased by boron. 
Trials by Fisher & Berger (1951) showed 
that good yields of alfalfa seed were not 
obtained unless both insecticide and boron 
treatments were made. 

Alfalfa suffering from a lack of boron 
exhibits definite symptoms, the most 
specific of which is abnormality of termi- 
nal buds. The stunting and yellowing 
symptoms of boron deficiency can be 
easily confused with similar symptoms 
caused by the potato leafhopper, Empo- 
asca fabae, (Harr.). A comparison of symp- 
toms caused by boron deficiency and 
potato leafhopper injury was given by 
Colwell & Lincoln (1942). Under Wiscon- 
sin conditions, yellowing of alfalfa is 
usually not associated with potato leaf- 
hoppers in the first crop, because leaf- 
hopper populations are very low at that 
time. However, in first crop alfalfa yel- 
lowed and stunted symptoms resembling 
boron deficiency can be associated with 
severe damage by the alfalfa plant bug, 
Adelphocoris lineolatus (Goeze), the mead- 
ow spittlebug, Philaenus leucophthalmus 
(L.), the bacterial wilt disease, a lack of 
potash, and so-called “‘winter injuries.” 
All of the agents named above also may 
affect second crop alfalfa in addition to 


boron deficiency, leafhoppers, and the 
tarnished plant bug, Lygus oblineatus 
(Say). 

Incidentally, there has been a general 
misinterpretation regarding the interac- 
tion of environmental and plant factors 
as causes of yellowed and stunted alfalfa. 
Usually drought has been blamed, but 
actually a healthy plant subject to 
drought remains green even though it may 
wilt. It should be more generally recog- 
nized that yellowed and stunted alfalfa is 
abnormal because of internal injury 
‘aused by plant food deficiency, insects, 
or disease. The plants so injured do not 
function properly in transporting carbo- 
hydrates from leaves to roots via the 
phloem. The internal abnormal condi- 
tions are merely shown externally as 
yellowing and in a more pronounced 
degree when soil moisture conditions are 
unfavorable. It is unfortunate that alfalfa 
growers have not recognized that most 
yellowing symptoms, commonly attribu- 
ted to drought, usually can be prevented 
by the proper use of certain plant foods, 
insect control, and disease resistant al- 
falfa. 

In some early work with boron at the 
Hancock Branch Station, Albert (un- 
published data) observed that alfalfa 
plots treated with boron remained greener 
than untreated alfalfa under conditions of 
leafhopper infestation. Insect counts were 

1 Associate Professor, Departments of Agronomy and Ento- 
mology, and Associate Professor, Department of Soils; Univer- 


sity of Wisconsin. 
2 Mimeographed Report. 
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Table 1.—Three-year collection of insects in alfalfa plots without borate and with borate treatments. 
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Tora. 
Adel phocoris Adelphocoris Lygus oblineatus Empoasca fabae PER 
lineolatus (Gorze) rapidus (Say) (Say) __ (Harnis) _Grassuorrs rs! SINGLE 
— — —_—_—_——_ - —_— —— SWEEP oO} 
Adult ‘Nymph Adult Nymph Adult Nymph “Adult Nymph Adult Nymph TotaL a 15” Nr 

1950? 

Borate 59 60 32 3 170 213 438 58 6 96 1135 38 

No Borate 66 123 52 18 168 203 427 131 9” 91 1288 7.2 
1958 

Borate 331 319 87 53 1589 2980 116 22 36 199 5732 5.5 

No Borate 371 322 78 27 1824 2646 193 22 41 217 5741 5.5 
19524 

Borate 151 167 33 20 653 1167 1772 635 85 784 5467 18.2 

No Borate 133 124 25 25 539 1213 1576 821 60 945 5461 18.2 
Total 

Borate 541 546 152 76 2412 4360 2326 715 127 1079 12334 8.1 

No Borate 570 569 155 70 2531 4062 2196 974 110 1253 12490 8.2 
Analysis® 

Borate 10 10 12 7 15 11 8 5 9 9 

No Borate 16 14 12 10 14 14 18 9 10 15 

Tied 3 5 5 12 — 4 3 15 10 5 





1 Predominantly Melanoplus spp. 


2 Seven collections: Hancock on June 12, July 8, July 21, Aug. 23; Spooner on July 25 and July 26; Horicon on Aug. 15. Total 


of 180 sweeps of a 15” net for each treatment. 


3 Sixteen collections: Hancock on June 21, July 6, Aug. 21; Spooner on July 11 and Aug. 8. Total of 1050 sweeps of 15” net for 


each treatment. 
4 Six collections at Hancock on arp | 
° Numbe rof times each treatment s 


16, Aug. 13. Total of 300 sweeps of a 15” net for each treatment. 
nown was larger value of the paired replicate. A treatment requires a value of 21 for significance: 


at 5% level; therefore, no treatment was significant for any of the insect species. 


not made but the observation suggested 
the possibility that the leafhoppers may 
have been repelled or otherwise reduced 
in the boron-treated plots. If true, the 
hypothesis would be at variance with 
general observations that leafhoppers 
can injure alfalfa severely where boron 
has been applied to the soil. Therefore 
experiments were made to test the hy- 
pothesis that soil application of boron 
might affect insect populations on the 
plants so treated. 

EXPERIMENTAL.—Over a period of 
years, 1950 to 1952, alternate plots in 2 
or 3-year old alfalfa on Plainfield sand at 
the Hancock Branch Station and on 
Omega loamy sand at the Spooner Branch 
Station were top-dressed in the spring 
with fertilizer borate at the rate of 40 Ibs. 
per acre. Plots were approximately 0.5- 
acre in size in order to eliminate as much 
error from border effects as possible. At 
Spooner, the shape of the fields necessi- 
tated the use of rectangular plots; like- 
wise at Hancock in 1950. Square plots 
were used at Hancock in 1951 and 1952. 
In 1950, one collection of data on insect 
populations was made also from a field 
on Miami silt loam near Horicon. 

The first hay crop was removed early in 
all cases because this management usually 
favors a heavy infestation of leafhoppers 
in the second crop. Most collections were 
made in the second crop because infesta- 
tions in new growth after the cutting of 





the first crop would largely determine the 
insect populations. However, three collec- 
tions were also made in the first crop in 
order to determine its possible attractive- 
ness to tarnished plant bug and leafhopper 
migrants. Insecticides were not used in 
any of the plots where insect collections 
were made comparing the populations in 
borated and non-borated alfalfa. 

Some extra plots adjacent to the sam- 
pling plots were treated with insecticide. 
Since the sampling plots would show a 
complex of symptoms due to boron defi- 
ciency plus insect injuries, the use of 
insecticide provided “check” plots where 
symptoms clearly attributable to boron 
deficiency alone could be observed. 

Resuutts.—The summarized data on 
insects collec ted in each of the three years 
are given in table 1. Totals for each year 
and for the three year period show that the 
insects collected in borated and non- 
borated plots were very nearly equal. 
About the same populations per single 
sweep of a 15 inch net were present in the 
plots in 1950 and 1951, but about 3 times 
as many more in 1952. This increased 
population in 1952 was due largely to a 
heavy infestation by the potato leaf- 
hopper, which was low in the first 2 
years of the study. 

Data were analyzed by the sign test 
method using paired comparisons 
(Kramer 1952). No significant differences 
at the 5 per cent level were found in the 
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horated and non-borated treatments for 
any of the insects in adult or nymphal 
stages. 

It is assumed that the first establish- 
ment of insects in the second growth al- 
falfa on the plots could occur in three 
ways: (1) attraction or (2) repellence of 
horated or non-borated alfalfa to migrant 
adults, (3) random distribution of mi- 
grant adults. The oviposition of eggs by 
females and subsequent development of 
nymphs would be correlated with the dis- 
tribution of adult females in 1, 2, or 3. 
Since the comparative populations of 
adults and nymphs were of the same 
order, and no significant differences were 
shown for either nymphs or adults, it is 
concluded that the distribution of insects 
in the second growth plots was entirely 
random distribution. 

A “toxic” effect of boron on nymphs 
hatching in borated alfalfa is not consid- 
ered likely under the conditions of these 
experiments, where levels of borate were 
applied that would not result in excessive 
amounts of boron in plant tissues. In fact, 
the data presented in table 1 show a more 
even distribution of nymphs than of 
adults. Since nymphs are less prone to 
migration and movement among plots, 
they often are considered to be better 
indicators of environmental conditions 
than adults, and are used especially in 
studying populations of alfalfa insects. 

In advanced stages of boron deficiency 
or insect injury, it was observed that 
adult insects would migrate out of the 
non-borated plots into adjacent borated 
plots, or cause re-infestations in nearby 
insecticide-treated plots. This would indi- 
cate that the insects studied have a tend- 


Table 2.—Insect collections in first crop al- 
falfa; insects would hatch from eggs already 
present at time of soil application. 








ALFALFA PLANT 








Bucs GRASSHOPPERS 
REPLI- No No 
CATE Borate __ Borate Borate __ Borate 
1 20 26 42 24 
2 49 54 21 51 
3 92 70 0 0 
Total 161 150 63 75 





ency to seek healthy, vigorous growing 
plants. The observations might explain 
why, under some conditions, the non- 
borated plants would have fewer insects 
than borated plants. 

Migrations of sucking insects have been 
observed commonly in alfalfa. Although 
usually attributed to cutting manage- 
ment or drought, our observations suggest 
that migration also may be caused by 
poor growth conditions in hosts in conse- 
quence of plant food deficiencies. 

It was not expected that the numbers 
of alfalfa plant bugs and grasshoppers 
would show differences in the first crop, 
since the population of these species was 
determined by eggs laid before borate was 
applied. Examination of data in table 2, 
which represents the three samples taken 
in the first crop, show that these species 
were rather uniformly distributed in the 
plots. A re-infestation of alfalfa plant bugs 
and development of a new generation oc- 
curred in the second crop. However, the 
majority of grasshoppers in the second 
crop were hatched following removal of 
the first crop, and these were uniformly 


Table 3.—Boron analysis of soil and tissue in alfalfa plots, and balance; sampled in July, 1950. 








AVAILABLE Boron Soin BoRON NOT 
Boron IN Boron IN REMOVED INCREASE ACCOUNTED 
Sorn ALFALFA BY Crop or Boron FOR 
TREATMENT Las./Acre! TissuE Les./Acre®? Lss./AcrE  Las./Acre 
S pooner 
No borate 11 6.0 ppm 042 0 
10 Ibs. borate/acre® 3. 44.0 ppm 0.30 2.3 1.8 
= 4.4 lbs. boron/acre 
Hancock 
No borate 0.9 5.0 ppm 0.05 0 
10 Ibs. borate/acre® 2.5 75.0 ppm 0.70 1.6 a 


= 4.4 lbs. boron/acre 





Sampled 3 months after borate treatments. 
* Assuming a green alfalfa weight of 7,000 Ibs. per acre at Spooner; 10,000 Ibs. per acre at Hancock. 
* Top dressed on the soil in early spring. 
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distributed in the second crop, as shown 
in table 1. 

Tests for boron were made in the soil 
and tissues of alfalfa in 1950. Data are 
given in table 3. The soil and tissue tests 
clearly show that more boron was avail- 
able in the soil and had also entered the 
tissues of alfalfa in borate-treated plots. 

The soil test showed an effect from the 
borate treatment made 3 months earlier. 
Where no borate was applied, the avail- 
able boron is only about half as much as 
it should be for alfalfa production. Al- 
falfa forage contained 8 to 15 times as 
much boron where the soil was treated as 
where it was not. The soil still contained 
enough available boron for alfalfa growth 
after the first crop was produced. About 
half of the application was unaccounted 
for either in alfalfa removed or by increase 
in the soil. Possibilities are leaching loss, 
temporary unavailability through soil 
fixation, and sampling or analytical 
error. 

In the observational plots with insecti- 
cide, the effect of the boron on the growth 
of the alfalfa was very pronounced, par- 
ticularly during drought periods. The 
plants were deep green, vigorous, blos- 


Fic. 1.—Differences in the growth of alfalfa in plots 

treated with borate and insecticide (B+I), borate 

alone (B) and neither borate nor insecticide (CK). 

Note the blossoms on the plants in B+I, but not in 
B where insects were not controlled. 
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somed well, and produced fair seed crops. 
The borate plots without insecticide flow- 
ered poorly, were somewhat yellowed and 
stunted, and produced very little seed. 
These symptoms were accentuated during 
drought periods. Differential effects of 
boron, boron and insecticide, and no boron 
nor insecticide are illustrated in figure 1. 

Plants in the plots used for sampling 
(where insecticides were not applied), 
clearly showed a lack of boron in 1950 
and 1951, when leafhoppers were not a 
serious problem. The non-borated plots 
could be picked out from afar because of 
their distinctive yellowed appearance. 
Closer examination showed that plants 
had the shortened internodes, rosetted 
appearance, and _ characteristic — small 
leaves induced also by alfalfa plant bug 
and tarnished plant bug injury. The obvi- 
ous yellowed appearance of the non- 
borated plots disappeared when adequate 
moisture became available but the insect 
injury symptoms remained. Seed produc- 
tion was extremely poor in the non- 
borated plots and not much better where 
borate but no insecticide had been ap- 
plied, because of the injury by insects. 

In 1952 a rather heavy infestation of the 
potato leafhopper developed, and under 
these conditions no difference could be 
observed in borated and _ non-borated 
plots because of the uniform yellowing 
‘aused by leafhoppers. 

These studies emphasized the impor- 
tance of considering the complex of fac- 
tors that cause yellowing. It is necessary 
to recognize that the effect of added 
boron may not be shown if leafhoppers 
are uncontrolled, and, vice versa, the 
benefit of insect control for leafhoppers 
cannot be shown if a boron deficiency is 
uncorrected. 

Conc.usions.—No statistically signifi- 
cant differences were found in the insect 
populations in alfalfa plots top-dressed 
with 40 Ibs. of borate in the spring and 
adjacent untreated plots. 

It is concluded that the following suck- 
ing insects are not attracted or repelled 
by borate treatments in alfalfa: alfalfa 
plant bug, rapid plant bug, tarnished 
plant bug, and potato leafhopper. 

With respect to the potato leafhopper, 
the results of our field trials are in agree- 
ment with Poos (1942) who reported no 
significant differences in leafhopper popu- 
lations reared on alfalfa plants grown with 
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and without the addition of boron under 
controlled laboratory conditions. 

The research conducted on sandy soils 
at the Spooner and Hancock Branch Sta- 
tions during this investigation clearly 
showed that alfalfa treated with borate 
and insecticide made better growth, was 
much greener, blossomed more freely, 
and produced more seed than untreated 
alfalfa. 

The beneficial effect of boron was associ- 
ated with soil moisture, being more pro- 
nounced under drought conditions. 


The beneficial effect of boron was 
masked under conditions where infesta- 
tions of the potato leafhopper were al- 
lowed to develop. 

Control of injurious insects for alfalfa 
seed production was of little value where 
boron deficiency was uncorrected. 

The writers have conclusively demon- 
strated over a period of several years that 
adequate boron and correct use of insecti- 
cide are essential for alfalfa seed produc- 
tion on the sandy and sandy-loam soils of 
Wisconsin. 
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NOTES 


GARDNER ATTENDS Pactric CONGRESS 


T. R. Gardner Assistant Leader of the Division of 
Bee Culture and Biological Control of the Bureau of 
Entomology and Plant Quarantine at Beltsville, 
Maryland attended the Eighth Pacific Science 
Congress at Manila, Philippine Islands on Novem- 
ber 16-28, as the Bureau’s representative on the 
Invertebrate Consultants Committee for the Pacific 
which is under the direction of the Pacific Science 
Board of the National Research Council. At the end 
of World War II the United States Navy was 
charged with the administration of the Trust Ter- 
ritory, formerly the Japanese Mandated Islands, 
and the Invertebrate Consultants Committee for 
the Pacific was formed under the auspices of the 
Pacific Science Board to advise the Navy on insect 
and other invertebrate problems in the Islands. This 
Committee is financed in a large measure by a 
grant from the Biology Branch of the Office of Naval 
Research. Some of the activities under the direction 
of this Committee include an insect survey of Micro- 
nesia, studies on various insects and other inverte- 
brates and the introduction and colonization of para- 
sites and predators to combat the rhinoceros beetle 
and other insect pests and the giant African snail. 


SUBSTITUTION OF MALATHION FOR MALA- 
THON AS A COINED (GENERIC) NAME FOR 
THE INSECTICIDAL CHEMICAL 0,0-D1- 
METHYL DITHIOPHOSPHATE OF 
DietuHyL MERCAPTOSUCCINATE 


On January 30, 1952, the Interdepartmental 
Committee on Pest Control approved the name 
“malathon” as a coined name for the insecticidal 
chemical 0,0-dimethyl dithiophosphate of diethy] 
mercaptosuccinate. Because of difficulty encoun- 
tered in the trade-marking of the name selected at 
first, the commercial sponsor, the American Cyana- 
mid Company, decided to change the name to 
“malathion.” The American Chemical Society and 
the American Medical Association are agreeable to 
the change. Malathion has been registered with the 
Trade Mark Division and released for general use. 
On March 27, 1953, the Interdepartmental Com- 
mittee on Pest Control approved the name “‘mala- 
thion” as a coined (generic) name for the chemical in 
question. 

M. Apert, Secretary 
Interdepartmental Committee 
on Pest Control 





The Differences Between Male and Female American Roaches 
in Total Lipid Content and in Susceptibility to DDT 


Sam C. Munson and Marvin I. Gortises,' Biology Department, The George Washington University, 
Washington, D. C 


In previous papers (Munson 1953a, 
1953b) it was reported that nymphs of the 
American roach, Periplaneta americana L. 
kept at different temperatures for two 
weeks or longer produced lipids in which 
the degree of saturation varied with the 
temperatures at which the insects were 
kept; also, that pretreatment conditioning 
temperatures markedly affected the course 
of toxic action of subsequently externally 
applied or injected DDT. Insects in A 
groups preconditioned at 34° C., a tem- 
perature which would provide lipids with 
an iodine number around 60 were much 
less resistant to DDT than were B group 
nymphs which having been kept at 23° C. 
would possess lipids with an iodine num- 
ber around 72. It was theorized that the 
less saturated depot lipids took up DDT 
more readily than the saturated ones, 
thereby, lowering its concentration at a 
site of lethal action. It was pointed out 
that the “negative coefficient” of action 
with temperature of DDT could be ex- 
plained on this theory. 

This paper is a report of an investiga- 
tion into the possible influence of the 
quantity of total lipids of the roach on the 
course of DDT toxicity. 

As the lipids of insects show often a sex 
variation in total quantity, especially in 
adults, (Scoggin & Tauber 1950), it was 
decided to rely principally on adult Amer- 
ican roaches in this investigation. A stock 
aquarium containing only nymphal 
roaches was examined daily and all newly 
emerged adults were taken out and iso- 
lated into groups of the same age in bat- 
tery jars; each group of animals was pro- 
vided with water and “milkbone” dog bis- 
cuits which were also the food used in the 
two previous investigations. As the stock 
colony was not large enough to provide 
many new adults in one day the ages in 
weeks given below mean the median age 
for a group, for example, three weeks 
means 21+3 days; 1 day, however means 
within 24 hours, and 0.5 weeks means 1 
day +1 day. 

The temperature in the laboratory was 
largely determined by outside conditions, 
it was not possible to conduct these exper- 


iments with very closely controlled tem- 
perature. However, experiments 1 and 2 
are sufficiently alike in temperature to 
permit comparison; the same is true also 
for experiments 3 and 4 given below. 

The extraction of the lipids was essen- 
tially the same as in the preceding report 
except that all glass ware was repeatedly 
washed with ether to obtain in the final 
weighing vial all the lipids present. Thirty- 
one determinations of total lipid quantity 
were made for female adults and thirty- 
one for male adults also. Each determina- 
tion, however, was on a pool of two to four 
roaches. Iodine numbers were deter- 
mined, as previously, by the Wijs method. 

In the toxicity experiments the techni- 
cal DDT in solution in acetone was ap- 
plied by the microtome driven Leuer syr- 
inge referred to previously. 

The quantities of total lipids and the 
iodine numbers for adults of both sexes 
at various ages are given in table 1. The 
details and results for the four toxicity 
experiments are given in table 2. 

The iodine numbers for adult roaches 
averaged from the values given in table 1 
are 68.0 at 30° C. (corresponding to a 
value for nymphs of about 66) and 56.4 at 
33° C. (corresponding to a value for 
nymphs of about 58). Apparently the io- 
dine numbers of the lipids of adult roaches 
are also influenced by the environmental 
temperature as is the case with the nymplis 
and at the same temperature nymphal 
and adult lipids have about the same io- 
dine number. 

An examination of the data on quantity 
of lipids in table 1 discloses that at each 
age group the females have slightly more 
lipids relatively than the males. The wid- 
est difference occurs at three weeks of 
adult life and the least at one week. Are 
any of these differences of statistical sig- 
nificance? With the small number of de- 
terminations involved in each mean for 
any one age no statistical significance is 
demonstrated comparing males and fe- 
males. However, if all females 1 week old 
or older are grouped together and all 


1Now with the Department of Anatomy, School of 
Medicine, University of Tennessee, Memphis, Tenn. 
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Table 1.—Total lipids (percentage of wet weight) and iodine numbers of lipids from roaches of 
different adult ages, and the mean temperature at which the lipids were conditioned. 
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males likewise, each group will contain 23 
determinations. For females the mean 
value is 3.5 with a standard deviation of 
).849; for males 3.0 with a standard de- 
viation of 0.921. The difference between 
these two means is 0.5 which is 2.0 times 
the standard error of the difference calcu- 
lated for small numbers. Thus the differ- 
ence between female and male adult 
roaches is small but fairly reliable. One 
day old female roaches are obviously not 
different from one day male adults; but 
either of these groups is statistically dif- 
ferent from either male or female one week 
old roaches. Also the value of 6.8 earlier 
reported for female nymphs is not statis- 
tically different from the 6.6 value for 
male nymphs, nor is either of these differ- 
ent from the values of 6.4 for 1 day old fe- 
male and 5.8 for 1 day old male adults; 
but any of these is reliably different from 
any value for adult roaches 1 week or 
more old. 

By this crisscross means of comparison 
it may be concluded that large nymphs 
are little if any different from 1 day old 
adults but both are markedly different 
from adults of 1 week or older with regard 


to their total lipids. Finally a small but 
apparently very real difference exists in 
the quantity of lipids by adult males and 
females over one week old. If the values 
for one week old males and females given 
in the table are taken literally there is ob- 
viously no sex difference at this age. A 
careful consideration of the survival data 
in table 2 suggests that this is indeed the 
case, if quantity of total lipids is inversely 
related to toxicity for one-half, one week, 
and two week old females are practically 
identical in survival times for a given ex- 
periment. 

The values for quantities for total lipids 
plotted against age may be visualized as 
two curves one for females and one for 
males. The curve for females beginning 
with large nymphs at 6.8 falls only 
slightly in the 1 day old adult, plunges 
rapidly to around 3.6 within the first half 
week of adult life, rises slightly at the 
third week and declines slowly thereafter 
with increasing age. The curve for males 
would always be below the curve for fe- 
males except that they may actually come 
together in the first week; but spread 
apart thereafter until the third week 


Table 2.—Survival times of roaches treated with DDT, given as arithmetic means for the number of 


roaches indicated in parentheses. 
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where the region of greatest difference 
may occur. After the third week they re- 
main separated by about 0.6. 

Such curves may be compared with the 
life of the adult insect. While no examina- 
tions were made of the roaches’ gonads; it 
is likely that shortly after the imaginal 
molt the maturation of sex products ac- 
celerates. After moulting the new adult 
seems to eat little or nothing and remains 
restless until about the end of the first 
week when copulation is frequently seen 
to occur in the isolated groups. After mat- 
ing the roaches becomes quiescent and 
may be seen feeding. Females produce 
ootheca by the second week. In the toxic- 
ity experiments about eighty per cent of 
the two week old females were carrying 
ootheca; in three week old animals about 
twenty or 30 per cent carried them; older 
roaches rarely were observed with them. 
Thus the quantity of lipids seems to par- 
allel events and behavior in the life of the 
adult roaches. 

In considering the possible relationship 
between quantities of lipids in roaches of 
different sex and ages it is possible for ex- 
periment 3 and experiment 4 to be com- 
bined for statistical treatment. This is es- 
pecially desirable as experiment 4 has 
some groups of nymphal roaches in it as 
well as adults. The mean survival times 
versus the quantity of lipids in the ani- 
mals for these two experiments is plotted 
in figure 1. Also, on the assumption that 
a lipid-toxicity relationship exists, the co- 
efficient of correlation (r) for these data 
was calculated and found to be +.81 
+.058 indicating a high degree of corre- 
lation; but it must be kept in mind that 
this is not proven to be direct. This appar- 
ent correlation is indicated by curve A in 
figure 1. But in figure 1 curve B seems to 
better describe the course of the male val- 
ues which all lie above curve A; and curve 
C seems to fit best the female values which 
all lie below curve A. If experiments one 
and two are plotted they depict graph- 
ically the same phenomenon. There thus 
seems little doubt that there is a sex dif- 
ference due to some factor other than the 
difference in total lipids. 

Earlier (Munson 1953b) it was sug- 
gested that this difference between the 
sexes could be due to more efficient de- 
toxification or excretion or both by the 
females compared to the males; or to “the 
preponderance in females of a substance, 
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perhaps, one more intimately related to 
the actual lethal process.”” What such a 
substance might be is a matter of surmise. 
The categories of substances in animals 
great in importance and generally small in 
quantity are vitamins, hormones, en- 
zymes and trace elements usually asso- 
ciated with the preceding. Munson & 
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Fig. 1.—Survival times in hours (abscissas) of adult 
roaches after treatment with DDT plotted against 
total lipid content as percentages of wet weight 
(ordinates) for experiment 3 (open symbols) and 
experiment 4 (solid symbols). 


Yeager (1946) suggested that an effect 
upon the cytochrome oxidase system of 
the insect might be a part of the mode of 
action of DDT. Sacktor (1950) reports 
that DDT and its methyoxy analog par- 
tially inhibited the cytochrome oxidase 
activity of the enzyme from mammalian 
heart and from house flies. With reference 
to the cytochrome oxidase activity in two 
strains of flies he reports that the resistant 
strain had greater cytochrome oxidase ac- 
tivity than the non-resistant strain. Other 
enzyme systems, particularly, the cholin- 
esterase have been suggested; but appar- 
ently phosphorus containing organic in- 
secticides have a more definite effect on 
cholinesterases than has DDT (Metcalf 
1950, Chamberlain & Hoskins 1951). 
Hurst (1949) suggested that succinic de- 
hydrogenase which reduces cytochrome 
oxidase may be effected; this system has 
recently received the attention of Bettini 
& Boccaci (1952) in a study of the insec- 
ticidal action of monohalogenated acetic 
acids and their esters which proved to be 
very active against house flies which were 
highly resistant to DDT and chlordane. 
Hoffman et al. (1951) using radioactive 
tracers found that 31 to 40 per cent of 
DDT applied to house flies is absorbed and 
Lindquist et al. (1951) found that 31 to 71 
per cent of absorbed DDT is metabolized 
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in susceptible flies, but 63 per cent was 
detoxified by resistent flies. DDT or its 
metabolites appeared in sundry organs 
but in some only after several days. Ap- 
parently from 26 to 34 per cent may be 
absorbed by internal organs, the remain- 
der being distributed throughout the 
cuticle (Lindquist et al. 1951). Sternberg 
et al. (1950a) found DDT to be readily 
absorbed by both nonresistant and _ re- 
sistant strains of house flies. However, the 
more resistant strain appeared to be able 
to degrade the DDT to DDE, the ethane 
analogue (Sternberg and Kearns 1950). 
Perry & Hoskins (1951a and b) found that 
the synergistic action of piperonyleyclo- 
nene greatly increases the mortality of 
resistant house flies treated with DDT 
(but not susceptible ones); and concluded 
that this is not due to increased absorp- 
tion of DDT but to the prevention of 
degradation to DDE by the resistant 
strain. The recent paper of Vinson & 
Kearns (1952) on the effect of tempera- 
ture on DDT action in the roach deals 
with temperature effect on detoxification. 
Unfortunately from the standpoint of 
comparison with the results of this inves- 
tigation these authors used only female 
roaches. Sternberg & Kearns (1952) found 
that four species of insects naturally tol- 
erant to DDT all had the ability to de- 
grade it to nontoxic metabolites. A good 
critical review of the physiological action 
of DDT by Chadwick (1952) evaluates de- 
toxification and other factors. 

It may be well to consider whether the 
slight difference in the quantities of total 
lipids of males and females may contrib- 
ute to any of the difference in the resist- 
ance of the sexes to DDT. A difference of 
0.5 per cent of wet weight would represent 
ina one gram roach a difference of 5 milli- 
grams of lipid. This would be 50 times a 
100 microgram/gram dose of DDT. While 
in this and the preceding paper it has been 
found convenient to think in terms of to- 
tal lipids; it must be kept in mind that 
only a portion of them may be of concern; 
but, if so, this portion must behave simi- 
larly to the whole with regard to influence 
by temperature and in quantitative varia- 
tion. This portion could conceivably be a 
particular chemical species, as, for exam- 
ple, lecithins or cephalins; or even an ana- 
tomically segregated portion as, for ex- 


ample, the microlipins of the blood. Since 
injected insects do not in general seem to 
vary as much in their resistance to DDT 
after pre-conditioning at different tem- 
peratures (Munson 1953b) the lipids of 
more, especial concern might be those of 
the cuticle and the hypodermal cells; but 
again, if this is so, these would necessarily 
behave similarly to the total lipids. 

The practical implication of some of the 
findings of this and the preceding paper 
are obvious. The interpretations which 
Gaines & Mistric (1952) place upon their 
data derived from a study of the environ- 
mental factors on the toxicity of some in- 
secticides are parallel to the information 
afforded by the present and its preceding 
companionate study. 

SumMary.—Total lipids have been ex- 
tracted from adult roaches; and females 
have been found to exceed males in quan- 
tity of lipids by a small but apparently 
real amount. The lipid content is highest 
in nymphs and day-old adults. It falls 
rapidly in the first-half week of adult life 
and thereafter with variations declines 
slowly. 

The iodine numbers of adult roaches 
are, as with nymphs, influenced by envi- 
ronmental temperatures; adult roaches 
have iodine numbers of their lipids essen- 
tially the same as nymphs. 

The resistance of roaches to DDT 
shows a high correlation with their lipid 
content; but there seems to be a difference 
in resistance of the two sexes which is not 
accounted for by a difference in lipid con- 
tent. 

Since the completion of this investiga- 
tion Pradham, S, Nair, M.R.G.K., and 
Krishnaswami, S (Nature 170: 619-20, 
1952) have extracted the epicuticular 
waxes from the exuviae of FEuproctis 
lunata, a moth larva and Trogoderma 
granaria, a beetle larva. The wax from 
the moth melted in the range 47 to 54° 
C.; the beetle wax in the range 77-83° C, 
Crystals of DDT were found to go im- 
mediately into solution in films of the 
moth wax but only went very slowly into 
solution if at all into the beetle wax. 
Also, the solution of DDT into films of 
the moth wax while very rapid at 32° C. 
occurred very slowly at 10 to 15° C. The 
moth was much less resistant to externally 


applied DDT. 
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Developments Toward Biological Control of Cyclamen 
Mite on Strawberries in California 


C. B. Hurraker and C, E. Kennett, Department of Biological Control, 
University of California, Albany 





xoldsmith 1936), once widely practiced, 


The cyclamen mite, 7'arsonemus palli- 
has been largely abandoned. 


dus Banks, is the major unsolved ento- 















mological problem of the strawberry in- 
dustry in California. This industry has 
assumed increasing importance in recent 
years. Approximately 2000 farm families 
are engaged in strawberry production. To 
the small grower, in particular, concen- 
trating his attention on a few highly 
valuable acres of a single crop, this mite 
is a special hazard. The problem has in- 
tensified in recent years, and the method 
of heat-treating nursery stock (Smith & 


The problem now is not one mainly 
resulting from the use of infested stock, 
but instead, it arises from a complex of 
circumstances, involving a closer associa- 
tion of fields and of grower activities, 
conducive to rapid spread of the mite 
from field to field; a shift from a rather 
resistant variety, the Marshall, to more 
susceptible ones; and the destructive 
effects of recently developed chemicals on 
natural enemies of the mite. 
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A study aimed at better utilization of 
predators was initiated in 1950. Huffaker 
& Spitzer (1951) demonstrated control of 
the cyclamen mite by the laelaptid pred- 
ator, Typhlodromus  reticulatus Oud.' 
They outlined a sampling procedure used 
both in their work and that presently 
reported. The use of an acaricidal check 
method of removing the predator from 
certain plots and comparing those plots 
with others with predators is the principal 
technique used. 

A method was also devised in 1952 for 
removal of the predators, alternate to re- 
moval by parathion, which would alter 
the environment in no other way. As 
stated by Fleschner (1952), ‘This re- 
quirement obviously precludes the use of 
any sort of cover or insecticide to protect 
the mites from their natural enemies.” 
Consequently, in one test the predators 
were removed from the strawberry plants 
by hand-picking. 

This paper covers population studies in 
1951 and 1952 as a means of additional 
appraisal of the effectiveness and con- 
sistency of control by this predator, and 
the possibilities and complexities of fur- 
therance of this method. Several cir- 
cumstances gave rise to encouragement. 
1) This predator had been reported to be 
effective in certain cases. 2) There was 
hope that the predator “crop” in older 
fields could be “harvested” and cold- 
stored (or else mass-produced), and later 
released in newer fields, effecting still 
greater savings. 3) The value of the crop 
has increased markedly since the war, and 
the yield per acre and unit price of berries 
have reached levels which, of all the vari- 
ous fruit crops, could most likely sustain 
an appreciable cost-per-acre item for 
applied biological control. 4) The manner 
of operation of the industry is ideal to 
the use of such procedures if proven prof- 
itable—there is good organization and an 
intensive human attention per acre. 

The primary complication to the at- 
tainment of biological control arises from 
the necessity of treating strawberry fields, 
particularly in early spring, for two- 
spotted mite, Tetranychus bimaculatus 
Harvey. This is a handicap both to im- 
proving predatory control artificially and 
to realization of better natural control. 
It is well known, that uncontrolled, the 
two-spotted mite may virtually destroy 
the crop. However, general use of TEPP 


against this pest in recent years has 
greatly increased the cyclamen mite prob- 
lem. Tests have shown that overwintered 
populations of 7’. reticulatus may be suf- 
ficiently high as to prevent what would 
otherwise be serious infestations of cycla- 
men mite. The TEPP applications for 
two-spotted mite in early spring destroy 
these predators, and early-season or mid- 
season infestations of the cyclamen mite 
are the result. Initially dense predator 
populations recover fairly soon following 
a single treatment. Repeated applications 
over a period of time may so reduce the 
predator populations that they will not 
reappear in sufficient numbers to regain 
control until serious losses have resulted. 

Consequently, a general objective is a 
search for a material or a general program 
which would give good control of two- 
spotted mite, and at the same time, not 
adversely affect biological control of the 
cyclamen mite. 

The cyclamen mite is most severe in 
second year plantings; third-year and 
fourth-year fields experience much less 
trouble. A probable explanation is that 
during the first year the plants are sparse 
and open to the sun and wind, a condition 
unfavorable to rapid increase and spread 
of the cyclamen mite. The predators, 
being essentially host-specific, must delay 
their appearance until after the host has 
become established. It is thus during the 
second year that the mite finds the phys- 
ical environment suitable, its natural 
predator’largely absent during the main 
part of the season, and the food potential 
at its zenith.? Rapid, almost ‘“‘explosive”’ 
development of populations are the result. 
This description would apply only if it 
were proved that the predator is a domi- 
nant reason for the low pestiference in 
third- and fourth-year fields. This research 
was designed in part to answer that 
question. 

StupiEs IN 1951.—In 1951 the field 
population studies using the acaricide 
check method were continued, and an 


1 Dr. H. H. J. Nesbitt, in correspondence with the anthers 
after examination of other lots of material, has expressed the be- 
lief that this — and Typhlodromus cucumeris Oud. “are 
either subspecies of the one species or genetic variants.’ The 
data herein presented are based on counts of either or both as 
the effective predator, thus “7. reitculatus” =T. reticulatus 
and/or T. cucumeris. 

? Characteristically, the heaviest populations of this predator 
occur in the late fall in 2nd-year fields which have experienced 
severe populations of the cyclamen mite earlier in the season. The 
metre jo ere mad of the predator, howev er, occurs too late to 
effect dependable control during the main crop harvesting 
periods, 
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effort was made to find a selective acari- 
cide which is destructive of the two- 
spotted mite, but harmless to predators 
of the cyclamen mite. 

Field populations.—The samples from 
the field plots were taken at frequent in- 
tervals in order to appraise any sudden 
shifts in trends of either the predator or 
its host. A single variety (Lassen) was 
sampled. The plots were at Live Oak and 
Tennant Avenues near Morgan Hill, Cali- 
fornia—the former in a third-year and the 
latter in a fourth-year field. 

The populations of cyclamen mite at 
the initiation of the tests in July were low. 
With a low population at time of applica- 
tion of parathion there usually is little 
measurable depressive effect on the cycla- 
men mite after a period of 10 days, al- 
though this material may produce a 
marked temporary drop in the population 
if the density is high at the time of the 
application. Counts of densities were 
made on July 20 just prior to the treat- 
ments. Those counts showed an initial 
uniformity of the plots. 

Huffaker & Spitzer (1951) were able to 
maintain a series of paired-plot tests 
during 1950 in which one plot of a pair 
remained predator-free whereas T'yphlo- 
dromus reticulatus built up naturally in 
the corresponding plots. In the 1951 plots, 
figure 1, predators persisted in the “‘pre- 
dator-free” plots even after repeated 
treatments with parathion. The appear- 
ance of a second, parathion-tolerant 
predatory mite, 7’. occidentalis Oud., made 
it impossible to maintain predator-free 
plots (Huffaker & Kennett 1953). This 
predator was at first confused with the 
more effective predator, 7’. reticulatus, and 
the resulting data threw doubt on earlier 
interpretations. Closer study and further 
testing revealed that the untreated plots 
had a very high percentage of the effective 
species whereas the Typhlodromus in the 
parathion-treated plots were almost ex- 
clusively 7’. occidentalis, which species has 
proven to be a far less effective enemy of 
cyclamen mite. Repeated tests have 
shown that the effective species could not 
have survived the treatments. Although 
sometimes present in the “predator-free” 
plots, the numbers of this other species 
present are not shown in the graphs. Once 
the distinction and the difference in their 
effectiveness became known, the results 
were in conformity. 
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Typhlodromus occidentalis is slower in 
movement and more sedentary in its hab- 
its than is 7. reticulatus. It is not nearly 
so effective a searcher and therefore is less 
capable at low host populations—the 
really important point relative to eco- 
nomic control. It does appear in numbers 
in very dense mite populations and un- 
doubtedly has a depressive effect. It fails 
to achieve readily a satisfactory distribu- 
tion in a field, occurring more erratically 
than the effective species. It is a more 
general predator, feeding readily on two- 
spotted mite, for example. It has not been 
possible to get 7. reticulatus to feed on 
any mites other than tarsonemids. In the 
strawberry fields 7. reticulatus is prac- 
tically host-specifice—the cyclamen mite 
being the only acceptable host which is 
present in quantity. 

The results in 1951 were more uniform 
than those of 1950 (Huffaker & Spitzer 
1951), although the maximal populations 
of cyclamen mite obtained in the “pred- 
ator-free” plots were not as high, per- 
haps due to the presence of T'yphlodromus 
occidentalis. The plots in figure 1 show, 
however, the good control effected in spite 
of the lack of sharp contrasts. The lack of 
contrast is not due to the predators’ inef- 
fectiveness in the predator plots but to an 
absence of proper environmental factors 
for producing heavy populations in the 
“‘predator-free”’ plots, or else to the afore- 
mentioned depressive effect of 7. ocei- 
dentalis. T. reticulatus held the hosts at 
noneconomic levels; levels below which 
they are themselves unable to survive at 
a favorable distributional frequency. 

Search for a selective acaricide compatible 
with biological control—On September 27, 
1951, an unusually high population of 
T. reticulatus was observed in a second- 
year planting near San Jose, California, 
and plots were set up in duplicate to test 
the toxicities of the several materials to 
this predator. The plots were treated with 
various materials which had shown some 
acaricidal promise, as appraised by vari- 
ous entomologists. The object was _ to 
locate, if possible, a material which might 
be used against two-spotted mite and yel 
be harmless to T. reticulatus. Six repre- 
sentative materials were used—Genite, 
Systox, TEPP, parathion, Aramite, and 
Ovotran; the Genite and Systox were 
applied as sprays; the others as dusts. 
Only Genite showed promise. It had 
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Fia. 1.—1951. 4th-yr. plantings: Al & A2, B1 & B2, 
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TARSONEMUS IN PREDATOR PLOT 
TARSONEMUS IN’PREDATOR-FREE PLOT 
o-— @ 


PREDATORS .IN_ PREDATOR PLOT 
PREDATORS IN PREDATOR-FREE” PLOT 
oe 


1952. Greenhouse Plots: Changes in densities of Tarsonemus pallidus in predator-present and preda- 
tor-free plots, and Typhlodromus frequencies. One pair of plots; one plot with predators, the other kept 
predator-free. The T. pallidus in the two plots are plotted together on a per-leaflet basis. The predator fre- 
quencies express the number of leaflets among 36 which had one or more T'yphlodromus. Broken lines refer 
to the predator (“‘A’’) plot; solid lines to the predator-free (““B’’) plot (see text). “P’’s by arrows indicate 


dates of parathion treatment. 














Fig. 3.—1952. Berries produced by greenhouse plots 

picked on June 4, 1952. Cartons No. 1, predator- 

present plot; Carton No. 2, predator-free plot. 

Predator-present plot produced seven times as 
many marketable berries 


of all plant parts is not achieved. This 
may be equally so for the other materials, 
with the known exception of parathion. 

Further inquiry, however, revealed 
that Genite may produce “off-flavor” in 
the berries and in addition is prepared 
only for spray application. Its general use 
therefore is not recommended. 

StupiEs IN 1952.—In 1952 the main 
effort was given to field studies directed 
toward further appraising the effective- 
ness of the predator and establishing the 
degree of consistency of control under a 
wide variety of conditions. Secondly, a 
long-term population study was set up in 
the greenhouse. Lastly, a test involving 
hand-removal of predators was conducted. 

Greenhouse populations.—Seventy-two 
plants were set up on April 8 in two ran- 
domized lots. Both groups had_ been 
treated with parathion in January to 
destroy the predators which appeared to 
be holding the cyclamen mite down. By 
April the mite had developed light to 
moderate infestations. Typhlodromus re- 
ticulatus had recovered naturally in small 
numbers. Parathion (2 per cent dust) was 
applied on April 8 to control the predators 
on one group of the plants after the first 
count was made (Fig. 2). This group here- 
inafter is referred to as the “predator-free 
group,” the term meaning relative, but 
not absolute, absence of predators. Three 
additional predators were added to each 
plant of the predator group on that date. 
Genite was subsequently used to keep the 
two-spotted mite under control. 

The predators were unharmed by Gen- 
ite, but near, if not complete, destruction 
resulted from the parathion treatment. 
This direct comparison, predator-present 
/predator-free, paired-group test lasted 
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from early April to the end of June. At 
that time 2 or 3 of the 36 parathion- 
treated plants showed predators, either 
through migration into the plot or repro- 
duction from very small numbers which 
survived the treatment. The specific 
plants having predators were retreated, 
and after additional predators were ob- 
tained on 3 consecutive sample dates,the 
entire lot of 36 plants in the group was 
retreated; this reestablished a_ truly 
predator-free group. 

A single picking of berries on June 4 
(Fig. 3) showed a yield 7 times as great 
from the predator group as from the pre- 
dator-free group. The populations of 
mites developed unusually heavy on the 
predator-free plants, 60 to 70 per leaflet, 
compared to only 2 or 3 on the predator- 
present group. The differences in symp- 
toms were striking. No economic injury 
was sustained by the plants of the pred- 
ator group, whereas almost complete 
cessation of growth and loss of vigor was 
experienced by the predator-free plants. 

The results during the entire period 
showed good control of the mite by the 
predator. However, an explanation of the 
sudden changes in population shown in 
figure 2 is appropriate. At the initiation 
of the tests the predator frequencies were 
subequal, at 5 and 9, respectively, in the 
predator-to-be-removed and the predator- 
present groups. The numbers of predators 
showed an even closer parity, at 12 and 15, 
respectively. The mite populations were 
subequal at about 34 and 40, respectively. 
On April 17 the sample results were as 
expected: the parathion treatment of the 
predator-free group had destroyed all the 
predators, and, as well, had killed a large 
portion of the tarsonemids—hence the 
sharp drop in both. The broken line 
graphs of the predator populations and 
the mite populations in the predator- 
present group show a sharp reduction in 
mites as the predators rose gradually to a 
level approaching twice their density at 
the outset. The second post-treatment 
count showed the control effect to be con- 
tinued and to have reached a very success- 
ful level. Meanwhile the cyclamen mite 
population in the predator-free group had 
already rebounded—a recovery which was 
extremely pronounced during the next 
two sample periods. This very high popu- 
lation level of the host on the predator- 
free plants was maintained through all of 
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June, during which time the plants suf- 
fered very severe injury from the mite 
attack. 

The decline of the host after June 26 in 
the predator-free group was due to several 
circumstances, principally, it is believed, 
from the inability of the plants nutrition- 
ally to support the mites after such a long 
period of intense injury and_ stunted 
growth. Supplementary explanations are 
the res uppearance of several predators in 
the ‘‘predator-free” group* and treatment 
with fertilizer at that time. There is a 
suggestion that under certain conditions 
plant response, due to mineral, or other 
nutritive, content of the cell sap following 
fertilizer applications may temporarily 
hut sharply curtail cyclamen mite infesta- 
tions on strawberries. Such a recession in 
mite density is often observed in the field. 
In cases similar to this, the temporary 
recession is economically of little value to 
the grower. The plants during that period 
are too low in vigor and do not yield; 
and as vigor slowly returns, so do the cye- 
lamen mites. 

The decline in October and November 
appears to be a seasonal feature uncorre- 
lated with predator presence or absence— 
it is a normal winter recession in repro- 
ductive activity. This occurred in the 
greenhouse and in the field. 

A longevity characteristic of the preda- 
tor, as a population, is exemplified by the 
greenhouse data. A relatively high preda- 
tor population usually is able to sustain 
itself for 2 months or more with very low 
populations of the cyclamen mite. When 
hungry, these predators have been ob- 
served to feed on honeydew, sugar solu- 
tions, egg yolk and other liquid foods. It 
has not been possible to rear them on such 
foods in the absence of tarsonemid prey, 
but it is felt that the presence of even light 
infestations of aphids, white flies or other 
honeydew producing insects increases 
their chances of survival in numbers fa- 
vorable for control of cyclamen mite at low 
levels. The strawberry aphid, Capito- 
phorus fragaefolit (Ckll.) was common on 
the plants. 

Field Tests: In early July, 1952, 22 
pairs of plots were established in straw- 
berry fields throughout Santa Clara 
County. They were in 2nd-, 3rd-, and 4th- 
vear plantings; in Shasta, Lassen and four 
experimental varieties; located near 
Berryessa, Gilroy, Morgan Hill, Eden- 


vale, San Jose and Cupertino, California. 
An attempt was made to obtain 2nd-, 
3rd-, and 4th-year plantings, and two 
varieties of each at each grower location. 
The best achieved was two age plantings 
and two varieties on a property. 

Samples from three pairs of plots were 
taken at night on one occasion. There was 
no indication that any important preda- 
tor was being missed by taking the sam- 
ples during the day. 

A few predators were put in certain 
plots which showed few present. A few 
plots were plowed up, and a few were 
ruined by direct applications or drift of 
dust materials which destroyed the pred- 
ators in the predator plots. Sixteen pairs 
of plots remained usable. Information was 
obtained for comparisons of 2nd-, 3rd-, 
and 4th-year fields; of six varieties; and 
plantings of many growers in different 
areas. 

Figures 4, 5, 6, and 7, showing paired 
plots 2A & 2B, 3A & 3B,...to 17A & 
17B, inclusive, present the results. AI- 
though at times several T'yphlodromus 
occidentalis were sampled from the preda- 
tor-free plots, since it is relatively inef- 
fective, and since only very rarely indeed 
were any 7’. reticulatus present (an occa- 
sional one after about 2 months from the 
dates of parathion treatments), these 
plots were considered essentially predator- 
free and no graphs are presented covering 
the predators encountered. 

Second-year field populations: All the 
plots of figure 6 and all except 17A & 17B 
of figure 7 were in 2nd-year plantings. In 
figure 6, the first counts were made 3.5 
weeks after the parathion treatments, and 
the cyclamen mite populations had al- 
ready reached, or recovered from, their 
lowest levels due to toxic action of the 
parathion. In the 2nd-year fields there 
was greater variability and less rapid 
achievement of control than in the older 
plantings. Plots 10A and 10B showed little 
control effect. However, this variety had 
sustained such intense and prolonged in- 
festation just prior to establishment of 
the tests that the plants never recovered 
from injury sufficiently to develop again a 
high mite population—the potential for 


3 The predators in a sample are a small proportion of the 
total on a plant. An average of around 1 per leaflet for a 36 leaflet 
sample is high, with one leaflet taken per plant. By close counts 
on all plant parts a maximum of 590 predators were found on a 
single field A, eon Any presence of predators in the sample indi- 
cates considerable numbers. 
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Fic. 4.—1952. 3rd-yr. plantings: 2A & 2B, Lassen at 

Berryessa; 3A & 3B, Shasta at Berryessa; 4A & 4B, 

Lassen near Morgan Hill; 5A & 5B, Shasta near 
Morgan Hill. 
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Fia. 5.—1952. 4th-yr. plantings: 6A & 6B, Lassen at 

Morgan Hill; 7A & 7B, Shasta at Cupertino; 8A & 

8B, Shasta at Edenvale; 9A & 9B, Lassen at 
Edenvale. 


Lecenp: Changes in densities of Tarsonemus pallidus in predator-present and predator-free plots, an 





~HARTIB [Fea 





7o—o a 
ir 
° 


PREDATOR TARSONEMUS PALLIDUS PREDATOR 





TE 
|} 


i] 
ir 





TARSONEMUS PALLIDUS 





21 12 2 23 14 4 Rta" 2 
JULY AUG SEPT OCT NOV JULY AUG SEPT OCT NOV 
TARSONEMUS IN PREDATOR PLOTS PREDATOR IN PREDATOR PLOT 
o— —o o— 
TARSONEMUS IN PREDATOR-FREE PLOTS 


oo --@ 





Fic. 6.—1952. 2nd-yr. plantings: 11A & 11B, G-8 
at Gilroy; 10A & 10B, Y-1 at San Jose; 12A & 12B, 
Y-3 at San Jose; 183A & 13B, J-7 at San Jose. 


Fig. 7.—1952. 2nd-yr. plantings: 144A & 14B, 15A 

& 15B, Lassen at Berryessa; 16A & 16B, Shasta at 

Cupertino. $rd-yr. planting: 17A & 17B, Lassen at 

Cupertino. Sampling dates, 16A & 16B started 
July 15. 


Typhlodromus frequencies. Sixteen pairs of plots; one plot of each pair with predators and the other kept 

predator-free. The 7’. pallidus in the two plots of a pair are plotted together, on a per-leaflet basis. The preda- 

tor frequencies in the predator plots are on the basis of the number of leaflets among 30 which had one or 

more T'yphlodromus. Broken lines refer to the predator (“‘A”’) plots; solid lines to the predator-free (“B” 
plots. “P” by arrows indicate dates of parathion treatment. 
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contrast did not exist. Even in this case, 
the mites in the predator plot declined 
more sharply —a predator influence sup- 
plemental to the declining sustaining 
power of the plants. 

Plots 12A & 12B and 13A & 13B were 
of two other varieties adjacent to the one 
just discussed. Both showed very marked 
control, but the potential for really high, 
sustained populations did not exist, and 
for the same reason. These plots and those 
of 14A & 14B and 15A & 15B show that 
the control by the predator in 2nd-year 
fields, though eventually effective, is too 
late in occurring. The delay permits too 
much economic loss prior to arrival at an 
economic level. This is due, it is felt, to 
several factors. Second-year plantings ap- 
pear to have an almost “explosive” 
physiological capacity to produce and 
sustain high cyclamen mite populations, 
whereas the older fields offer progressively 
less conducive conditions physiologically 
to development of very high population 
densities. The predators fail to develop 
sufficiently in new fields due to their lag 
in appearance. In those cases where they 
were added, only small numbers were 
introduced and their occurrence remained 
for some time spotty and poor. They 
have, however, shown themselves capable 
of controlling even the most severe in- 
festations (see particularly the third-year 
plots of figure 4). The sharp drop in mites 
from July 7 to July 28 in plots 14B and 
15B was due to toxicity of the parathion. 
The subsequent recovery is typical. These 
two plots were not treated before the first 
counts were made, as it was thought they 
were naturally predator-free until the first 
count showed otherwise. It was hoped 
such non-treatment, predator-free plots, 
compared to plots where predators were 
added, would disprove the “‘stimulation”’ 
idea (see ‘““Hand-removal . . . ’’ sub-topic). 

Third and fourth-year field populations: 
There was generally a very quickly at- 
tained and pronounced difference in the 
mite populations. Of the plots in 3rd- and 
tth-year fields, figures 4 and 5, the preda- 
tor-free plots developed serious economic 
infestations and maintained them through 
the summer, whereas in the predator 
plots, as well as in the fields where they 
were located, the mites were brought and 
held under good natural control. The 
populations in the predator-free plots 
were often 20 to 50 or more times as high 


as those in the predator-present plots. 

While specific examples of relief from 
cyclamen mite enjoyed by the growers in 
their third and fourth-year fields may be 
due to sudden or unusual conditions of 
temperature or humidity, cultural prac- 
tices, or physiological conditions in the 
plants, and these conditions may in turn 
be of greater or less importance with cer- 
tain varieties, the results this year show 
that third- and fourth-year fields experi- 
ence good natural control, in contrast 
with the severity of the problem in second- 
year fields, and strongly indicate that the 
major factor accounting for the control in 
the older fields is the cyclamen mite 
predator. This predator accounts for 
much financial reward to the grower. In 
its absence older fields in this area usually 
build up infestations sufficiently high to 
jeopardize the profit margin. It is, how- 
ever, nearly always present in such fields 
in this area unless adversely affected by 
chemical treatments. 

There remain two pairs of plots not yet 
discussed. These were disturbed plots and 
are included to show the effects of such 
interference. One, 16A, & 16B, was the 
Shasta variety in a 2nd-year field. A 
few predators were introduced in the pred- 
ator-present plot on July 2. The predator 
population increased slightly during the 
first between-count interval and then 
increased sharply, during the second in- 
terval, as a result of still ample food. At 
that point, sufficient predators were pres- 
ent to have quickly effected good control 
and, in fact, a levelling-off had already 
occurred, At any time that predators are 
present on 8 or more leaflets among 30, 
sharp declines in the host have occurred. 
However, subsequent to August 25, a 
broccoli crop close by was treated with an 
acaricide by airplane. Drift into the plot 
killed the thriving predator population. 
As a result, the host in the “predator- 
present”’ plot began an increase and would 
have gone higher except for the curtail- 
ment imposed by the seasonal cycle. 

In plots 17A and 17B the predators 
were also destroyed by drift of parathion 
from adjacent rows being treated by the 
grower by hand application. The re-estab- 
lishment of the predators after that was 
slow and reduction of the host to a really 
low level was not achieved until late in 
September and October. In these plots, 
there was a poor stand of berries and an 
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open, partially bare condition existed. 
This may be the reason the predator-free 
plot, 17B, failed to produce a high cycla- 
men mite population, since lush, inter- 
locking foliage and high humidity is 
essential to this mite. 

Hand-removal of predators.—UHuffaker 
& Spitzer (1951) stated’ “*While the possi- 
bility of a ‘stimulation’ of mite fecundity, 
directly or indirectly, by the parathion 
has not been disproved, the population 
patterns of the mites and their predators 
have been sufficiently logical to suggest a 
definite causal relationship.”’ The present 
authors remained concerned with the pos- 
sibility that the parathion used to elimi- 
nate predators in the predator-free plots 
might have caused the observed increases. 
Awareness of this idea was shown in the 
work of Huffaker & Spitzer (1950) wherein 
they showed that DDT treatments of 
pears produced increases of the European 
red mite, Metatetranychus ulmi (Koch), 
above that occurring on water-treated 
check trees. This effect was attributed to 
action of the DDT itself, either on the 
mites directly or through an influence on 
their food supply, and not to destruction of 
of predator populations. 

The work of Dunnam & Clark (1941), 
Whitcomb et al. (1943), Garman & 
Kennedy (1949), Rodriguez (1951), Rod- 
riguez & Rodriguez (1952) and Fleschner 
(1952) accent the importance that physio- 
logical or nutritional condition of the 
plants may have on population increases. 

Hand-removal of predators seemed, 
therefore, a necessary adjunct. A complete 
removal of all predators would necessitate 
dismembering the host plants; hence the 
test could not be continued. It was found 
that only a single leaflet could be taken 
from each plant without changing the 
environment more than desired. Twelve 
potted plants were used which had had a 
low level of cyclamen mites, held under 
control, presumably, by the consistent 
presence of the predator. Six of these were 
randomly selected for removal of the 
predators. No more than 6 plants could be 
adequately handled by this time-consum- 
ing method. 

The predators were removed twice 
during the first week, on September 30 
and October 2, and then only weekly until 
it was later learned that the populations 
began increasing after the host had built 
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up. On November 24 and subsequently 
the predators were again removed twice 
weekly. To illustrate the numbers re- 
moved, during the first week 18, 15, 10, 16, 
27 and 9 predators, respectively, were 
removed from plants 1 to 6, inclusive; 
during the second week, 3, 6, 8, 6, 10, 
and 13, respectively; and during the third 
week, 5, 0, 7, 2, 4, and 3, respectively. 

The small samples taken at weekly in- 
tervals showed that the mite populations 
in the predator-rem>ved group increased 
as a direct result of removal of a good part 
of the predators during the first 2 to 3 
weeks. On the other hand, the mite popu- 
lations on the predator-undisturbed group 
were reduced still further, to about one 
mite to two leaflets. 

After 5 weeks and an increase in the 
cyclamen mite to a level many times as 
high as that on the check group, the pred- 
ators, responding to the abundant food 
on the hand-removed group, began repro- 
ducing so fast that they became more 
numerous than on the undisturbed group. 
The technique of hand removal was no 
longer’ feasible. Since the plants were 
developing poor condition because of the 
necessarily rough handling, more frequent 
and intensive hand removal could not be 
practiced. Poor plant condition retards 
the cyclamen mite. The final, more ex- 
tensive counts were therefore taken on 
December 8 and the tests ended. 

The cyclamen mite and predator popu- 
lations at the initiation of the tests were 
equal. The final mite density in the preda- 
tor-removed group was 15 to 35 times that 
of the undisturbed group (Table 1). The 
difference is the direct result of relative 
absence of predators during the initial, 
conditioning period. Actual counts of 
predators during that period showed them 
to be 3 times as great on the undisturbed 
plants. The final counts were made on 6 
shoot leaflets from each of five plants 
(one plant of each group had inadequate 
shoots present), and on six blossoms from 
ach of the six plants of each group— 
samples of 30 leaflets and 36 blossoms 
each. 

Although the basis for prolonging the 
test had disappeared, the short-term ef- 
fects were enough to prove that a reduc- 
tion of the predators by hand removal 
from plants having a desirable predator 
/cyclamen mite balance releases the host 
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Table 1.—Cyclamen mites per leaflet on 
plants with predators removed by hand and on 
undisturbed plants on final, result-period date, 
December 8, 1952. _ 





Table 2.—Cyclamen mites per blossom on 
plants with predators removed by hand and on 


undisturbed plants on final, result-period date, 
December 8, 1952. 





NUMBER Mites 


OF PER 
LEAFLETS 


Group LEAFLET 





NUMBER Mites 
OF PER 
Group Biossoms Btiossom 





Undisturbed (checks) 30 0.5 
Predators removed 30 17.6 


Undisturbed (checks) 36 0.6 
Predators removed 36 10.0 





from control, and higher infestations de- 
velop. This occurred in the absence of any 
possibility of “‘stimulation” by parathion. 
The results therefore fully confirm the 
conclusions from extensive data based on 
chemical removal of the predators. 

THe PREDATOR AND ITs PRosPECTS.— 
The predator multiplies only when it 
feeds on cyclamen mites or closely related 
mites. Its reproductive rate is high when 
the host population is high. It feeds on all 
stages of its host and actively searches all 
foci of infestation, vastly reducing the 
host’s reproductive effectiveness while its 
own is not impaired. When the numbers of 
the cyclamen mite have been greatly re- 
duced, the predator, often hidden in the 
petiole sheaths, is at an advantageous 
spot for attacking the surviving mites 
which, from necessity, must enter that 
area in transferring to new tender leaf 
shoots essential to their reproduction. 
The opening of the leaf shoots, exposing 
the host mites to the sun and desiccating 
air, forces the movement to the new 
abode. As previously stated, the predator 
has a capacity for survival in good num- 
bers at very low host densities by possibly 
utilizing liquid, honey-dew-like foods. It is 
also small in size, approaching a condition 
more ideal as a predator of the cyclamen 
mite. Large predators cannot enter the 
crevices and folds essential for effective 
economic control. Paradoxical as it may 
seem, since an individual requires less food 
and destroys fewer hosts, this species is a 
better controlling agent, if searching 
capacity and other values were equal, 
than is a larger predator which requires 
and destroys more hosts per individual. 
Its survival as a cohesive, consistently 
distributed population is therefore as- 
sured at a lower, and more favorable eco- 
nomic level than would be the case with a 
larger predator which had the same 
searching ability, etc. (Nicholson, 1933: 


147). Its life cycle is well synchronized 
with that of its host in this area. It there- 
fore is well equipped by habit and nature 
to control the cyclamen mite. 

The better utilization of this predator 
presents several problems. Future work 
will involve cold-storage tests to see if the 
predator “crop” of an older field can be 
stored and later placed in new fields with 
developing infestations, or used to restock 
older fields after the natural predator 
crops have been destroyed by red spider 
treatments. Additional attention will also 
be given to the possibilities of highly 
selective acaricides which may be satis- 
factory against the two-spotted mite but 
less harmful to this predator than are the 
products now used. An alternate pro- 
cedure will be to continue efforts to rear 
this predator cheaply and in _ large 
quantities. 

SumMary.—Extensive population stud- 
ies of the cyclamen mite, Tarsonemus 
pallidus Banks, and the laelaptid mite, 
Typhlodromus reticulatus Oud. and/or T. 
cucumeris Oud., predatory on it in field 
strawberries in California, were conducted 
for a period of 3 years. The purpose was 
to appraise the degree and consistency of 
any controlling action under a variety of 
conditions and to evaluate the possibili- 
ties and determine the means of utilizing 
natural enemies to better advantage. The 
high value of this crop and the intensive 
human attention per acre, together with 
preliminary work indicating existence of 
good predatory control under certain 
conditions, promoted some hope that the 
problem might be alleviated by special 
application of biological control measures. 

Data reported included results from 20 
pairs of field plots in which one plot of 
each pair was kept predator-free by treat- 
ment with parathion and one had preda- 
tors. These included plots in 2nd,- 3rd-, 
and 4th-year berries of 6 different varie- 
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ties in the plantings of many different 
operators throughout the Santa Clara 
County strawberry district. A longer- 
term study of populations on greenhouse 
berries and one test involving hand- 
removal of the predators were also in- 
cluded, as were tests on the relative toxi- 
city to the predator of several commonly 
used acaricides. 

The field population studies were very 
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other pests. Control in second-year fields 
is somewhat erratic due, it is felt, to the 
lag in appearance of predators and to the 
more vigorous treatment practices which 
are applied to the second-year crop. The 
long-term greenhouse study verified the 
field results and showed how well the 
predator can control its host at a con- 
sistently low level. The results from the 
tests on hand-removal of the predators 


consistent and conclusively showed that removed any objection to the interpreta- 
the predators exert very effective control _ tions on the basis that parathion might in 
of the cyclamen mite in third- and fourth- itself favor increase of cyclamen mites. 
year fields in this area when their activi- Both hand removal and ¢ -hemical removal 
ties are not inhibited by detrimental of predators resulted in cyclamen mite 
chemical treatments used for control of increases. 
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CORRECTION—CAPTAN 


The following correction of the article in the June, — sentence: Captan formulations should not be used in 


1953, issue of the JouRNAL or Economic ENtoMoL- combination with, or closely following, oil sprays. 
oGy, page 531, should be included under the para- 
graph on compatability as follows: ‘Delete summer 
oil, At the end of paragraph include the following 


G. S. HENSILL 
California Spray-Chemical Corporation 





dail 
for 

The 
fied 
ing 

pap 
arol 
coll 
of 

d ity 
lect 


indi 


Biological Studies of Horse Flies in New York 


H. Tasuiro! and H. H. Scuwarpt,? Cornell University, Ithaca, N. Y. 


This paper is the result of two season’s 
continuation of biological studies of horse 
flies occurring in New York. The ultimate 
objective of this project, the development 
of practical control measures for horse 
fies attacking dairy animals in New York 
is still far from a realization. It was with 
the firm belief that biological information 
would contribute materially towards the 
development of practical control measures 
that this work was continued. Stone 
(1929)? initiated the biological and taxono- 
mic study of immature stages of Tabani- 
dae in New York in 1926. Logothetis 
(1947)* conducted the next study of this 
group in New York from 1945 through 
1947. A portion of the work performed 
during the 1948 season was reported in 
a previous paper (Tashiro & Schwardt 
1949). With the continuation of this work 
in 1949, some of the data presented in 
the first paper is subject to minor changes 
due to additional observations. 


It was felt that the generally higher 
temperatures during 1949 as compared 


to 1948, and especially the mean weekly 
temperature of 65° F. during the first 
week of May 1949 as compared to a mean 
of 45° F. for the same week during 1948, 
contributed towards an earlier emergence 
of practically all species encountered. 
The high temperatures and inadequate 
rainfall during the summer also affected 
the larval population studies conducted 
in a particular pasture. 

Species ABUNDANCE StupiEes.—Col- 
lection of adults made during both seasons 
indicated that, as pests of cattle, members 
of the genus Tabanus were much more 
maul than the Chrysops species and 
constituted the major tabanid problem 
on dairy animals. During both seasons, 
daily collections were made on animals 
for a short but definite period of time. 
The method of collecting adults ina modi- 
fied air net to allow for continuous sweep- 
ing has been reported in the previous 
paper. In addition to collecting adults 
around animals a few specimens were 
collected incidentally. A total of 23 species 
of Tabanus, 18 of Chrysops, three of 
Atylotus, and one of Goniops were col- 
lected during the two seasons. Figure 1 
indicates the relative abundance of the 


more important Tabanus and Chrysops 
species collected. 

The two most abundant species, 7'aba- 
nus lasiopthalmus Macquart and T. 
quinquevittatus Wiedemann constituted 
58 per cent of all the flies and the five 
most abundant species constituted 76 
per cent of the total population. The re- 
maining 24 per cent of the population 
was made up of 40 species belonging to 
four genera. 

SEASONAL DISTRIBUTION OF ADULTS 
OF Major SPECIES. rgence in 
the field in 1949 was fully 10 days earlier 
than in 1948 for most species enc -ountered. 
This difference in seasonal occurrence was 
noticed not only in horse flies but many 
other insects which winter in the soil. A 
comparison of mean weekly air tempera- 
tures for the two seasons from the first 
week of April to the first week of July 
showed that the late spring and early 
summer temperatures were relatively 
higher in 1949. 

A comparison of the seasonal distribu- 
tion curves in figure 2 for Tabanus lasiop- 
thalmus for the two years indicates that 
the 1949 season was fully a week in ad- 
vance of the 1948 season. This species 
was second in importance to 7. quin- 
quevittatus in 1948, but during the follow- 
ing season it was extremely abundant for 
a short period. It was the only species 
which caused complaints by livestock 
owners in 1949. The hourly collection 
curve for this species during the week of 
peak population is not a true picture of 
the population since sweepings were taken 
from only one side of an animal, and there 
was an apparently equal number of flies 
attacking the animal on the opposite 
side. The season lasted as long as it did in 
1948. 

Tabanus quinquevittatus reached its 
peak population rather suddenly in 1948 
during the third week of July and gradual- 
ly diminished to the end of the horse fly 
season. This was far from the case in 1949, 

1 At present with the U.S.D.A. Bureau of Entomology and 
Plant Quarantine, Agr. Expt. Station, Geneva, N. 

2 The authors acknowledge the assistance of Mr. Clement 
Dasch in all phases of this study. 

3 Stone, A. 1929. A study of the flies of the family Tabanidae 
with especial reference to the Mog of the New York species. 
Unpublished Ph.D. thesis. Cornell University. 


thetis, C. 1947. The biology of some Tabanidae of New 
York Jnpublished Ph.D. thesis, Cornell University. 
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when it increased to its near peak more 
gradually during the last week of June 
and maintained this position for three 
weeks, then diminished slowly until the 
end of the season. 

Tabanus sulcifrons population, in the 
actual numbers of flies collected, did not 
rank third either season. Nevertheless, 
because of its large size, its persistent 
feeding, and the occurrence of its peak 
population when other species were on the 
wane, it was considered one of the three 
most important species. 

The next two species of importance, 
Tabanus lineola Fabr. and T. pumilus 
Macquart, occurred in the same general 
relationship to the three major species 
in abundance and seasonal distribution 
during both seasons. 

Two minor species had a very different 
population trend for the two years. 
Tabanus superjumentarius Whitney was 
seen in small numbers in 1948, but in 
relatively large numbers in 1949. Not a 
single specimen of 7’. nivosus Osten Sacken 
was seen during the first year, but 63 were 
captured in 1949. 

FrepinG ActTIvITIES OF FEMALE FLIEs. 

Few bloodsucking flies in this country 
are as persistent in feeding as are the 
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The relative abundance of tabanid species collected during two seasons. Ithaca, N. Y, 1948-49. 


horse flies. Once a fly begins to take blood, 
a considerable disturbance is required to 
drive her off. She can be gently pushed 
from side to side without dislodging her. 
In contrast, the stable fly and horn fly 
are very difficult to capture even when 
they are feeding. 

Although very little if anything defi- 
nite is known about the differential 
attractiveness of the animals to flies, ob- 
servations indicated that the general con- 
dition of the animals attracted flies in a 
definite manner. The authors’ observa- 
tions indicated that healthy animals 
were not bothered nearly as much as poor, 
unthrifty animals. This particular differ- 
ence was noticed in a herd which in- 
cluded practically every breed of dairy 
animals found in New York. Old, un- 
thrifty animals grazed among the healthy 
animals. Another factor affecting attrac- 
tiveness was noticed in the same herd. 
Large animals always appeared to be 
visited by more flies than smaller ones. 
There was also a definite correlation be- 
tween color of the animal and its attrac- 
tiveness to the flies with the darker ani- 
mals visited by more flies than light 
colored individuals. Hansens (1947) in 
investigating Tabanus nigrovittatus Mac- 
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quart states that persons in blue denim 
attract 75 per cent more flies and receive 
90 per cent more bites than persons wear- 
ing all white. 

There was decided difference in feeding 
habits among individuals in a particular 
species. Those which flew before or during 
the peak flight usually fed without much 
hesitation, but those which constituted 
the last of the population for the season 
were easily disturbed when visiting ani- 
mals and started to feed only with much 
hesitation. This condition was most 
noticeable with Tabanus lasiopthalmus. 
Normally these flies settled down on the 
host and began feeding immediately. Dur- 
ing July when this species was nearly 
gone, those attempting to feed were easily 
disturbed and seldom was one seen feeding 
to repletion. 

Extent of blood loss due to feeding activi- 
ties of flies: Engorged flies were weighed 
with a Roller-Smith torsion balance in 
the field immediately after removal from 
the animal in order to calculate the 
amount of blood consumed by individual 
flies. Hence an estimation of the total 
blood consumption by the major species, 
and an estimation of the blood loss by 
animals during heavy outbreaks of flies 
could be made. Figure 3 shows the extent 
to which a Tabanus suleifrons female en- 
gorged herself. 

The method used in capturing flies for 
weighing is described in the previous 
paper (Tashiro & Schwardt 1949). Deter- 
mination of weights of flies to a tenth of a 
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milligram was possible on the balance 
within a minute. Individuals of only two 
species. 7’. quinquevittatus and T. sulci- 
frons, were weighed during the first year, 
and individuals of 7. lasiopthalmus were 
also weighed during the second season. 
Additional weighings of the first two spe 
cies changed the average weights slightly 


Fic. 3.—Unfed and fully engorged Tabanus sulci- 


frons females. Ithaca, N. Y. 1949. 


from those taken during the first year. 
Table 1 indicates the average amount of 
blood consumed by each of the three 
species and is based on the weights of 23 
engorged and 40 unfed Tabanus lasiop- 
thalmus, 135 engorged and 148 unfed 7. 
quinquevittatus, and 58 engorged and 56 
unfed 7. sulcifrons females. 

There were large variations in weights 
of flies in both engorged and unfed indi- 
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Table 1.—Average amount of blood consumed at one feeding by a single fly of three species; weights 





in milligrams; specific gravity of cow’s blood—1.043. Ithaca, N. Y. 1948-49. 





Wr. ENGorGED FLIEes 
Mean 
188.0 
134.0 
584.5 


SPECIES Max. Min. 
96.8 
74.9 

353.4 


243 .4 
197 .2 
831.8 


T. lasiopthalmus 
T. quinquevittatus 
T. sulcifrons 


Ave. Wr. Equiv. 
- Bioop VALUE 
MEAL cc, 


Wr. Unrep Fires 


Mean 


Max. — Min. 


111 
.082 


322.2 “340 





viduals. Differences in size of individuals 
were relatively small as compared to 
differences in weight. Considering the 
average numbers of flies visiting an ani- 
mal per hour for a period of eight hours a 
day during peak flight, Tabanus lasiop- 
thalmus could conceivably take (4008 
X.111) 352 ee. per day, 7. quinquevittatus 
could take (908 X.082) 59 cc. per day, 
and 7’, sulcifrons could take (40 X8 X .340) 
109 cc. per day. In view of these figures, 
Philip’s (1931) estimates of loss of 300 ce. 
of blood per animal per day would be far 
from an overestimate. Considering the 
amount of blood which oozes from the 
feeding punctures after the fly leaves and 
the feeding activities of other species not 
accounted for, his figures could be low. 

Non-blood sucking flies attracted by feed- 
ing activities of tabanids: The wounds 
made by tabanids, regardless of the 
species, were primarily responsible for 
the feeding activities of two species of 
non-bloodsucking flies. They visited ani- 
mals being attacked by horse flies, and to 
a lesser extent animals being attacked by 
stable flies. Hydrotaea tuberculata Rond. 
(Anthomyiidae) is a black fly with deep 
red eyes and slightly smaller than the 
house fly. Hippeletes pallipes (Lw.) 
(Chloropidae) is a very delicate black fly 
about 1.5 mm. in length with white legs. 
Both species were determined by the U. 
S. National Museum. These flies swarmed 
to the wounds made by the tabanids to lap 
up the oozing blood. In many instances 
they were seen gathering around the pro- 
boscis of a horsefly in an attempt to feed 
while the latter was in the process of feed- 
ing. When these flies swarmed around the 
head of an animal they were a consider- 
able nuisance. 

LARVAL SuRVEYs IN PastuRE Sop.— 
During 1948 numerous square yard sam- 
ples of sod were removed from a pasture, 
which had ideal conditions for studying 
all gradations of larval habitats, and dried 
for recovery of larvae. This particular area 


had a moisture gradient ranging from 
standing water to a dry gravelly loam soil. 
Sampling in 1948 showed that larve of 
Tabanus quinquevittatus were numerous 
in areas just slightly wet for an ideal pas- 
ture. Larvae of 7. lineola and T. lasiop- 
thalmus were found in association with 
them in smaller numbers. There was also 
a correlation between the number of 
larvae found per unit area of pasture sod 
and the amount of moisture in the soil 
with the populations higher in the wetter 
soils. 

The second season’s sampling in this 
particular field was conducted with a 
two-fold purpose in mind: to make a more 
intensive and extensive survey of larval 
habitats of Tabanus quinquevittatus and 
attempt to locate the larval habitats of 
T. lasiopthalmus and T’. sulcifrons. Locat- 
ing their main larval habitats was believed 
possible from the first season’s work. A 
limited number of larvae which were be- 
lieved to be these species were found in 
the wetter areas of this pasture. In spite of 
their adult abundance in much of eastern 
United States, very few larvae of these 
two species have ever been collected. To 
the authors’ knowledge, only two larvae 
each of 7’. lasiopthalmus and T’. sulcifrons 
had been collected in New York. The 
first objective was well realized with the 
collection of many 7. quinquevittatus 
larvae. As for the second objective, 
numerous larvae of 7’. lasiopthalmus were 
found, but 7. sulcifrons larvae were not 
found. 

Physical features of area under study: 
At the beginning of the 1949 season, the 
same area was staked at 100 foot intervals 
in both directions and included a parcel of 
land 500 feet by 800 feet comprising 9.18 
acres. Each station (A-0 to F-8) was 
designated by a letter and numeral. The 
main features of this pasture are shown in 
figure 4. 

The land sloped gently from the north- 
west to the southeast. A very slight nearly 
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unnoticeable depression extended in the 
same direction and was joined by a dis- 
tinct channel extending along the south 
edge of the area. These two swales drained 
the area during normal seasons. The area 
consisted of three rather distinct zones as 
indicated on the map. Although the field 
was considerably drier during the second 
season, the normal moisture condition was 
evident by the persistence of hydrophytic 
vegetation. 

Zone 1 was a swamp during 1948 and 
remained saturated during the entire sum- 
mer. During 1949, however, the area was 
dry most of the summer. The vegetation 
in this zone was composed of various 
hydrophytic sedges of the genera Carez, 
Cyperus and Scirpus and a species of 
hydrophytic Polygonum. Both reed 
patches supported a rank growth of com- 
mon cat tail, Typha latifolia L. 

Zone 2 indicated on the map by stip- 
pling was the main larval habitat and in- 
cluded a rather extensive area with much 
less moisture than Zone 1 but still support- 
ing some hydrophytic plants. Carex 
hystericina Muhl was the only hydro- 
phyte found extensively in both Zones 
| and 2. The degree of stippling on the 
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map in Zone 2 indicates the abundance 
of this species of plant with heavier 
stippling indicating heavier growth. This 
zone was too wet to drive on in 1948 and 
to June 1949, but thereafter became dry 
enough to drive over. In contrast to Zone 
3 where the vegetation dried up, it re- 
mained green throughout the summer. 
During the second year’s study, it became 
apparent that the larger numbers of lar- 
vae were being collected from areas sup- 
porting Carex hystericina and the abund- 
ance of the larvae was generally in direct 
proportion to the abundance of Carex 
plants in the same vicinity. The relation- 
ship was not that the presence of this 
plant influenced the presence of the larvae, 
but that soil moisture sufficient to sup- 
port Carer was an ideal habitat for some 
tabanid larvae. This plant was readily 
used as an index plant in predicting the 
presence of larvae. 

Zone 3 included a normal pasture area. 
The dominant vegetation was Kentucky 
bluegrass, Poa pratensis L., with a small 
amount of timothy Phleum pratense L. 
and wild white clover Trifolium repens L. 
In 1948 the transition between Zone 2 and 
Zone 3 was less definite than in 1949 since 
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Table 2.—Comparison of mean weekly pre- 
cipitation records. Ithaca, N. Y. 1948-49. 








1948 
Accumu- 
lated 


1949 


Accumu- 
lated 


Weekly 


WEEK Weekly 


April 1 0.66 0.6 
Q 0.41 07 0.99 
3 1.43 .50 0.92 .91 
+ 0.83 .33 65 .56 
5 0.38 Py 5 | .37 .93 


0.60 31 .97 .90 
1.26 5.57 .06 3.96 
1.30 .87 .42 5.38 
0.50 37 .68 6.06 


June 0.95 8.32 0 5.06 
q 0.88 9.20 0 .06 

0.32 9.52 .0 .06 

0.63 10.15 .96 02 


0.28 10.43 .0 8.02 
0.87 11.30 . 60 8.62 
.96 13.26 .28 8.90 
.09 14.35 31 9.21 
53 14.88 .88 11.09 


2.60 17.48 0 11.09 
.93 19.41 37 11.46 
(hy 19.41 31 Te ie 
.88 20.29 04 11.81 


‘i 20.29 2 83 14.64 
02 20.31 48 15.12 
16 20.47 91 16.03 
57 21.04 27 17.30 
.23 21.27 1.18 18.48 





both areas remained green throughout 
the entire summer. In 1949, Zone 3. be- 
came very dry and most of the pasture 
vegetation dried up and turned brown 
after mid-June. No hydrophytes were 
supported in this region during either 
season, the soil was rather shallow and 
gravelly. No larvae were found in this zone 
in 1948, but a few were found in 1949. 

A comparison of the rainfall records for 
the two years as shown in table 2 reveals 
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ing both seasons to keep the pasture green 
and luxuriant until mid-June. However, 
in 1949 there was no rainfall for the first 
three weeks of June and very little rain- 
fall during early July. This dryness 
coupled with generally high temperatures 
throughout the summer created a drought 
which persisted until September when the 
pasture became green again. 

Procedures in sod sampling for larval 
recovery, soil moisture determinations, and 
larval determinations: Sampling and dry- 
ing of sod to collect larvae was performed 
in the same manner as during the first 
year and is described in the previous 
paper (Tashiro & Schwardt 1949). During 
1949, a square yard sample of sod and 
soil was removed from the field at or 
adjacent to each of the 54 stations three 
times during the summer, thus making 
a total of 162 samples collected. Each 
sample consisted of sod and soil to a 
depth of 3 to 4 inches. The first samples 
were removed during early June at each 
of the stations with the station stake in 
the center of the sample. The second sam- 
ples were removed during July directly 
sast of the first samples with one yard of 
undisturbed sod between them. The third 
samples were removed during September 
from an area directly west of the first 
samples in like manner. , 

Soil samples for moisture determina- 
tions were taken from each of the 54 sta- 
tions three times during 1949, in June, 
July, and September. At each sampling 
date two samples were removed to a 
depth of three inches with a soil tube 
which produced a core of soil 0.75 inches 
in diameter. Samples were taken from 
undisturbed sod, placed in seamless tin 
boxes weighed, oven dried at 105° F. for 
16 to 24 hours, and reweighed. The soil 
moisture calculations were made using 
the formula: 


Wt. oven-dry soil 


Wt. moist soil — Wt. oven-dry soil 
: : x 100 


the reason for the drought condition of 
the second year. Although the difference 
in total rainfall from April through 
September for the two years does not ap- 
pear great enough to have caused such 
a dry condition in 1949, the dryness of 
June influenced the soil moisture consider- 
ably. There was ample soil moisture dur- 


Larval determinations were made as 
soon as they were collected from sod 
whenever they were large enough for 
positive identification. However, the re- 
covery of small larvae required retaining 
them and feeding until individual species 
characteristics had developed. They had 
to attain a length of approximately 8 
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to 10 mm. in the three common species 
encountered, Tabanus lasiopthalmus, T. 
guinquevittatus, and 7’. lineola, before 
species characteristics had developed 
enough for positive identification. 
Distribution of larvae: The distribution 
pattern of tabanid larvae in the three 
zones obtained in 1948 was much more 
distinct than in the following year, with 
larvae being found only in Zone 2. This 
may have been due to limited sampling. 
The three zones were much more distinct 
in moisture conditions during the former 
year. A total of 95 larvae were recovered 
from the 24 yard square samples removed 
and dried in 1948. Most of these larvae 
were identified during the following year 
and the elaboration of table 2 of the pre- 
vious paper (Tashiro & Schwardt 1949) is 
given in table 3. Not all the larvae were 
determined since in the very young 
stage, species characteristics did not show 
enough differentiation for determination. 
It was believed that Tabanus sulcifrons 
larvae were found during the first year 
but those suspected as to be of this species 
died in the laboratory in the meantime 
and determinations were not possible. 


Table 3.—Larval populations from square-yard 
sod samples removed from all 3 zones. Ithaca, 
N. Y. 1948. 





No. or DETERMINED LARVAE 
or Important Tabanus 
SPECIES 


LOcaATION: 
NEAREST 
STATION 
WITH ‘ENT --— 
SIMILAR Tora lasiop- quinque- 

HABITAT Larva thalmus _ vittatus _lineola 


MolIsTURE 


0 0 
6 0 
—8 q 0 
0) t 0 
1 0 
0 0 
8 0 
8 0 


0 


WAVWHO WNW DISA VWH!HS 


92 


Saturated 
Saturated 
Sat. & 

Inundated 


anm~ 


95 f 58 20 





The larval populations in 1949 were 
not as high as expected, presumably be- 
cause of the dryness of the soil. Larvae 
were collected, nevertheless, over the 
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area in smaller numbers much as expected. 
A total of 426 of three different genera 
were collected from 162, yard square, 
samples. The zonal distribution of the 
three genera in relation to the three zones 
is presented in table 4. The most signifi- 
cant data presented here are that most 
of the Tabanus larvae of greatest interest 
were found in Zone 2. 


Table 4.—Larval populations of the three gen- 
era in relation to 3 zones. Ithaca, N. Y. 1949. 








Zone 1 Tora 


ZONE 2 Zone 3 


—— —— ALL 
% No. % 


GeENus ZONES 


Tabanus 9 7% 166 5 339 
Chrysops B 0 0 40 
Atylotus ¢ § 2 47 
Zone totals 

Three genera 150 5s 426 





A total of 249 Tabanus larvae were re- 
covered from 75 yard square samples 
removed from Zone 2. Considering a 1:1 
sex ratio with a mean population of 
three per square yard it can be expected 

4840 yd?/AcreX3 
that 7) —— } +7260 poten- 
tial females could emerge per acre from 
this area. The mean larval population 
was 8 per square yard in 1948 and with 
this population 19,360 potential feeders 
could emerge per acre. 

It can be gathered from table 4 that 
sod taken from the wetter areas yielded 
more Chrysops larvae whereas more 
Tabanus larvae were found in the drier 
situations. 

The range in soil moisture for any given 
zone was much more variable during the 
second year as shown in table 5. Re- 
coveries of larvae and determinations of 
important species are summarized in the 
same table. The large difference in the 
total number of larvae collected and total 
number of Tabanus larvae collected in 
Zone 1 was due to the Chrysops and Atylo- 
tus larvae taken in this zone. 7’. quin- 
quevittatus larvae were found in every 
zone whereas larvae of the other two im- 
portant species were found in only the 
wetter areas. 

Larval observations on important species: 
During the two years, 47, 267, and 65 
larvae of Tabanus lasiopthalmus, T. quin- 
quevittatus, and 7’. lineola respectively, 
were collected from this pasture. It was 
believed that larvae collected during late 
May and early June should yield a major- 
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Table 5.—Recovery of larvae from sod in relation to soil moisture and zones. Ithaca, N. Y. 1949. 








RANGE IN 

Sor 
MoIstTURE Tora. 
Per CENT LARVAE 


No. Yb? 
ZONE SAMPLES 





3 18 17-20 0 
36 21-30 17 


19-30 74 
31-40 154 
41-60 31 


27-85 
68-Sat. 








ToTaL 
Tabanus 
LARVAE 


No. oF DETERMINED LARVAE OF 
Important Tabanus SPECIES 


quinque- 
vittatus 


lasiop- 

thalmus lineola 
0 

16 


73 
149 
27 


249 


23 
51 


74 


339 





ity of mature larvae and that sampling 
in August and September should yield a 
majority of small larvae. This assumption 
was based on the belief that the larvae in 
the early spring would be overwintering 
individuals which would become adults 
the current year, and that the later larvae 
would be the progeny of these adults. This 
was not the case, however, and during all 
three sampling periods in 1949, larvae 
ranged in size from 5 to 6 mm. to 17 to 
18 mm. in approximately the same pro- 
portions. This would indicate, as it does in 
the laboratory, that there is an extreme 
variation in the growth rate of larvae, and 
the occurrence of individuals which com- 
plete their life cycle in one year as well 
as those which complete their development 
in 2 years, is more or less continuous dur- 
the summer season. 

Larval concentrations of the important 
species varied considerably. The largest 
concentration of Tabanus quinquevittatus 
found during the 2 years in 1 square- 
yard sample was 27. The area from which 
these larvae were collected had some 
Carex growing and the soil was dark, high 
in humus, and indicated poor drainage as 
evidenced by the mottled subsoil. The 
largest concentration of 7’. lasiopthalmus 
larvae found in any individual square 
yard sample was six. The habitat was 
nearly identical to the one yielding the 
highest number of 7’. quinquevittatus lar- 
vae. 

Larval concentrations at different depths 
of soil: Drying samples of sod and soil 
from different depths from the potential 


larval area indicated that most of the 
larvae were near the surface. Roth & 
Lindquist (1948) conducting population 
studies of Chrysops discalis Williston 
larvae at Summer Lake, Oregon, sieved 
ooze and clay to a depth of 8 to 10 inches 
but seldom found larvae below a four-inch 
depth. Schomberg (1952) states that he 
found Tabanus sulcifrons larvae just be- 
low the surface to a maximum depth of 
two inches and there was no evidence 
that they penetrated deeper into the soil 
to escape dessication or freezing. A very 
limited vertical distribution study con- 
ducted during both years also bore out 
this fact. Table 6 shows the data obtained 
from four diggings and shows the relative 
scarcity of larvae below the surface layer. 
The 4 to 8 inch layer was taken directly 
below the corresponding surface layer. 
Although the reason for this distribution 
of larvae is not clear, it may be due to the 
distribution of their food or possibly cor- 
related with their respiration, the lower 
layer lacking sufficient oxygen. Similar 


Table 6.—Vertical distribution of tabanid lar- 
vae in square-yard samples from Zone 2. 
Ithaca, N. Y. 1948-49. 








No. LARVAE 
4-8” 


No. LarvAE 
SURFACE 4” 
4 
2 
ll 
10 


LocaTION oF Sop: 
NEAREST STATION 





45 
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to the scarcity of tabanid larvae in the 
lower layer, earthworms, tipulid larvae, 
and dolichopodid larvae which were found 
in association with tabanid larvae and 
which are known to be preyed on by 
tabanid larvae were also scarce in this 
zone. 

SumMARY.—Two years biological study 
of tabanids near Ithaca, N.Y., indicated 
that the most important species on cattle 
were T'abanus quinquevittatus, T. lasvop- 
thalmus, T. sulcifrons, T. pumilus and T. 
lineola. The first two species constituted 
58 per cent of all tabanids collected and 
the five species constituted 76 per cent of 
the population. 

In seasonal distribution, 7'abanus lasi- 
opthalmus occurred first during late May 
and early June followed by 7. lineola, T. 
pumilus and T. quinquevittatus. Tabanus 
sulcifrons did not appear until late in the 
season with emergence occurring in late 
July and early August. Of the five species, 
the flight of 7. quinquevittatus occurred 
over the longest period of time, extending 
with 7. sulcifrons until the end of the 
tabanid season. In the early 1949 season, 
flies emerged at least a week earlier than 
in 1948 with considerable difference in 


adult population of the two most abun- 


dant species. 7’. lasiopthalmus adults 
reached an extremely high population in 
1949 in a very short time after initial 
emergence. 7’. quinquevittatus was the 
most abundant fly in 1948 with a definite 
week of peak flight, but during the follow- 
ing year, its population was much lower, 
and a definite peak flight was never 
reached but it was abundant for 4 weeks. 
Two of the minor species, 7’. superjumen- 
tarius and 7’, nivosus showed a diversity 
of population during the two years with 
a very small number of the former and 
none of the latter being seen during the 
first year. Relatively large numbers of 
both species were captured during the 
second year. 

Observations of flies as they attacked 
animals indicated that the general condi- 
tion of the animal, its color, and its size 
affected its attractiveness to attack, with 
animals of poor health being attacked 
more often than healthier ones, larger 
animals were more attractive than smal- 
ler ones, and dark-colored animals were 
attacked more often than those of light- 
color. 

Engorged flies of Tabanus lasiopthalmus, 
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T. quinquevittaius, and T. sulcifrons were 
weighed within a very short time after 
feeding to repletion to determine the 
quantity of blood consumed and to esti- 
mate the extent of blood loss. Based on 
these figures, and the relative numbers 
of flies coming to animals to feed, Philip’s 
(1931) estimates of losses of 300 cc. per 
animal per day would be far from an 
overestimate. 

Two species of non-blood sucking mus- 
coidian flies were attracted to the tabanid 
feeding punctures. Hydrotaea tuberculata 
Ron. (Anthomyiidae) and Hippeletes pal- 
lipes (Lw.) (Chloropidae) swarmed to the 
wounds left by the tabanids to lap up the 
blood that oozed from the punctures. 
When these flies swarmed around the 
heads of the animals they were a consider- 
able nuisance. 

Many larvae of Tabanus lasiopthalmus, 
T. quinquevittatus, and T. lineola were 
found in pasture sod in association with 
growth of a semi-hydrophytic plant of 
the genus Carex which served as an index 
plant. Soil moisture conditions conducive 
to growth of Carex appeared to be ideal 
breeding habitats of,these three important 
species. Larvae of 7. sulcifrons were not 
found in the pasture as expected. This is 
the first record of collection of large num- 
bers of 7. lasiopthalmus larvae in New 
York. 

In a section of a pasture which had a 
moisture gradient from standing water to 
dry gravelly loam soil, an area of 9.18 
acres (500 by 800 feet) was staked at 100 
foot intervals and three square yard sam- 
ples of sod were removed from each sta- 
tion. A total of 426 larvae of three differ- 
ent genera—Tabanus, Chrysops, and Aty- 
lotus were collected. Considering the 
Tabanus larvae, 22 per cent were found 
in the area generally considered a swamp, 
73 per cent were found outside the swamp 
area on soil supporting a growth of Carez, 
and only 5 per cent were found in the drier 
areas which did not support the growth of 
Carex. During the two years, 47, 267, and 
75 larvae of T. lasiopthalmus, T. quinque- 
vittatus and T’. lineola respectively, were 
collected from this area supporting Carez. 
The largest number of grubs of a single 
species in any square yard sample was 27 
larvae of TJ. quinquevittatus. A limited 
vertical distribution study indicated that 
larvae were not present in any numbers 
below the surface 3 or 4 inches of soil. 
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Comparative Evaluation of Control Procedures Against 
the Northern Fowl Mite 


Deane P. Furman,! University of California, Berkeley 


Up to the present time there has not 
been developed an_ effective control 
method for the northern fowl mite, 
(Bdellonyssus sylviarum (Can. and Fanz.), 
which provides rapid, inexpensive, single 
application treatment on a large or small 
flock basis. In an earlier paper (Furman 
1952) it was reported that a 10 per cent 
dust of — bis(p-chlorophenoxy) methane, 
Neotran, gave very effective control of the 
northern fowl mite when applied by the 
hand dusting technique. However, use of 
a mechanical blower type duster proved 
unsuccessful on a flock treatment basis. 
Results with neotran as a spray were 
erratic though promising. 

The objective of the present work has 
been to determine combinations of ma- 
terial, formulation and method of appli- 
‘ation which will give effective practical 
control of the northern fowl mite on a 
flock basis. 

All tests were conducted with White 
Leghorn chickens, and arbitrary criteria 
were established to express degree of infes- 
tation. A heavy infestation implies very 
numerous mites accompanied by black- 
ened feathers and scaly skin; moderate 
infestation, numerous mites with a grey- 
ing of feathers; light infestation mites dis- 
tributed over much of body and easily 
found, no greying of feathers; very light 
infestation, few mites on limited portion 
of bird, never more than two to three per 
feather. 

Names of insecticides used in this paper 
are in accordance with the list approved 
by the Committee of Insecticide Termi- 
nology (Haller 1952). 


Roost Parnts.—Reports from the field 
had indicated that roost paints composed 
of equal parts of 40 per cent nicotine 
sulfate and diesel fuel oil gave more effec- 
tive control of the northern fow] mite than 
a nicotine sulfate paint alone. The latter 
treatment usually produces a marked 
initial reduction of infestation in most 
birds of a flock but this is often followed 
by a rapid and heavy reinfestation. 

Four groups of infested chickens total- 
ing 96 birds were exposed to roosts painted 
with a mixture of equal parts of 40 per 
cent nicotine sulfate and diesel oil, with 
an additional 40 infested birds exposed to 
the usual nicotine sulfate painted roosts. 
Results of these experiments are compiled 
in table 1. Good initial control was ob- 
tained with the mixture, however, under 
conditions of exposure to reinfestation such 
as existed in these experiments there is 
little evidence of prolonged protection 
from reinfestation following either type of 
treatment. 

Dusts.—Comparison of initial and 
residual control resulting from application 
of various dusts was conducted by a hand 
dusting technique wherein each bird was 
individually dusted by ruffling the ma- 
terial thoroughly into the feathers of the 
entire bird. Both a 40 per cent dust of 
p-chlorophenyl-p-chlorobenzene sulfonate, 
Ovotran,’ and a 3 per cent stabilized pow- 
der of Aramite® gave poor control of mites. 

1 The author acknowledges with appreciation the cooperation 
of Mr. George H. Rohrbacher, Research Assistant in Parasi- 
tology, and Mr. W. Stanley Coates, Farm Advisor, University 
of California, Agricultural Extension Service. 

2 Dow Chemical Company. 


3 Niagara Chemical Division, Food Machinery & Chemical 
Corporation. 
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Table 1.—Roost paints and poultry dusts for control of Bdellonyssus sylviarum. 








NUMBER 
MATERIAL UsEp Birps 





Roost Paints 
Equal parts 40% nicotine sulfate 
+Diesel oil 
Equal parts 40% nicotine sulfate 
+ Diesel oil 
Equal parts 40% nicotine sulfate 
+Diesel oil 


40% nicotine sulfate 


Hand Dusting 
40% bis(p-chlorophenoxy) methane 
3% Aramite 
5% Aramite 
40% p-chloropheny! p-chlorobenzene 
sulfonate 
10% R-242 
1% Lindane 
Puff Duster 
10% R-242 


DEGREE oF INFESTATION! 





Weeks Post-treatment 








0 1 0 





1 0—No mites; 1—very light infestation; 2—light; 3—moderate; 4—heavy; based on average infestation of birds in pen. 


Excellent control was apparently ob- 
tained with hand dusts of 5 per cent 
Aramite, 10 per cent R-242 (Sulphenone‘), 
or with 1 per cent gamma isomer of 
hexachlorocyclohexane (lindane). The 
data on control with these three dusts 
should be interpreted with caution, how- 
ever, for the marked, treated birds in this 
instance were allowed to intermingle, so 
there is a possibility that the effectiveness 
of any one material may have been aug- 
mented through contamination by dust 
from other birds. Aramite can be ruled out 
as a poultry dust, for it caused blistering 
when applied directly to birds. 

Although tests previously reported 
(Furman 1952) indicated a moderate 
toxicity of 0.5 per cent lindane to day- 
old chicks, no toxicity was apparent in 
the current experiments in adult birds fol- 
lowing a single thorough dusting with 1 
per cent lindane 

A 40 per cent bis(p-chlorophenoxy)- 
methane? dust applied sparingly by hand 
apparently did not eliminate an infesta- 
tion in 70 treated birds, but it did pro- 
duce practical control lasting throughout 
a period of 7.5 months. During this 
period the treated birds were continually 
exposed to reinfestation from adjacent 
infested birds. 


Since in many areas laying birds are 
maintained in individual pens, the suita- 
bility of a puff type hand duster for treat- 
ment of infestations was investigated. 
Thirty-six birds were treated with a puff 
type duster, applying two full strokes of 
the plunger per bird and directing the 
dust into the feathers around the vent 
and breast. As indicated in table 1, the 
results with 40 per cent dust of R-242 
were very satisfactory. Although the 
birds were exposed to reinfestation as 
indicated by the very light infestation 
appearing at the 4-week period following 
treatment, no additional mites were 
found throughout the 20 weeks observa- 
tions. 

SpRAYS.—Since sprays using _ bis(p- 
chlorophenoxy)methane had produced 
erratic results in previously reported 
work, further investigations were carried 
out to determine the effect of increased 
droplet size, and different wetting agents 
upon the effectiveness of the treatment. 
In addition, other materials which had 
demonstrable effectiveness as dusts were 
applied as sprays. The desirability of spray 
application over dusting for control of the 
northern fowl mite lies in the fact that 


4 Stauffer Chemical Company. 
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sprays lend themselves to practical flock 
treatment of birds without individual 
handling, whereas dusts so applied are 
ineffective except where the material is 
appreciably volatile. 

The results of spray experiments con- 
ducted with a hand pressure sprayer® are 
given in table 2. These suspensions were 
applied as coarse, driving sprays. Previ- 
ously reported tests (Furman 1952) had 
indicated that a fine droplet type of spray 
applied from a hand sprayer failed to 
penetrate the feathers of poultry. 

Subsequently it was found that a maxi- 
mum of 30 to 35 birds could be treated 
routinely per gallon of spray suspension 
applied with a hand sprayer. Inadequate 
coverage usually resulted from attempts 
to spray additional birds per unit of 
spray volume. 

A 1 per cent R-242° spray suspension 
in all cases produced good control of the 
northern fowl mite. There is definite evi- 
dence of a residual control effect since 
adjoining pens of untreated birds were in- 
fested with the mites and since occasional 
mites were found on treated birds which 
subsequently showed no sign of infesta- 
tion. 

A group of 126 infested birds sprayed 
with a 1 per cent R-@42 suspension 
showed a very light infestation of mites 6 
months later, whereas adjoining un- 
treated birds showed light to moderate 
infestations. 

Using a_ bis(p-chlorophenoxy)methane 
suspension’ spray at 2 per cent and 1 per 
cent concentrations with Triton X-1008 at 
the rate of 1 ce per gallon to enhance the 
wetting action, excellent control was ob- 
tained. No reinfestation occurred over the 
20-week period of observation. 

These results indicate that earlier 
erratic results with bis(p-chlorophenoxy)- 
methane sprays applied with a hand 
sprayer may have been due to inadequate 
wetting of birds resulting from the lack of 
a suitable detergent, as well as the use of 
a fine droplet type of spray which did 
not penetrate the feathers at the low 
pressures applied. 

A spray suspension of Aramite® at 0.19 
per cent with Multifilm L added at the 
rate of 2.5 cc per gallon gave poor control 
of infestations. At 0.37 per cent plus 
Multifilm, fair to good control was ob- 
tained but slight blistering of treated 


‘CONOMIC ENTOMOLOGY 


Vol. 46, No. 5 


birds resulted. Suspensions of Aramite at 
0.36 and 0.47 per cent with Triton X-100 
as the wetting agent produced practical 
control. No blistering resulted from the 
latter tests. Aramite appears to have a 
residual toxic action against the northern 
fowl mite since mite populations increased 
very slowly on treated birds. 

Suspension sprays of p-chloropheny] p- 
chlorobenzene sulfonate’? at one per cent 
concentration slowly reduced infestations 
but could not be depended upon to give 
practical control. 

A 1 per cent suspension of wettable sul- 
phur plus Multifilm L was ineffective 
when applied as a spray. 

The use of power driven sprays was in- 
vestigated for control of northern fowl 
mites in an attempt to expedite treatment 
of large flocks. Excellent control was ob- 
tained with a suspension of 1 per cent 
wettable R-242 plus Triton X-100 over a 
20-week observation period following 


treatment of 251 birds. Approximately 32 
birds were treated per gallon, using 200 
lbs. pressure with a nozzle producing a 
driving fine spray. Excellent control was 
also obtained using the same spray at 50 
lbs. pressure at a rate of 1 gallon to 35 


birds. Following treatment of 550 in- 
fested birds no mites were found over the 
8-week observation period. 

Using the same equipment with 1 per 
cent wettable R-242 suspensions, but 
utilizing detergents commonly available 
to poultrymen (such as Dreft, Cheer, 
Tide, at 1 to 2 cups per 100 gallons), effec- 
tive control was obtained by spraying at 
the rate of approximately 1 gal. per 22 
birds. However, when a 1 per cent R-242 
suspension was applied at 50 lbs. pressure 
covering over 100 birds per gallon of 
spray only temporary control resulted in 
a flock of 5,190 treated birds. This indi- 
cates that with the power sprayer ade- 
quate wetting of birds is not obtained by 
using less than 1 gallon of spray for about 
35 to 50 fowl. 

The effective use of the above deter- 


5 Hudson Climax Jr. #341 using discs 2041 outside disc and 

2048 inside disc to produce a coarse droplet spray. 
Prepared with 40 and 50 per cent wettable Sulphenone 

dusts supplied by Stauffer Chemical Company. 

7 Pre d from a 40 per cent wettable dust supplied by the 
Dow Chemical Company. 

8 Rohm and Haas Company. 

® Aramite supplied as 15 per cent wettable dust by Niagara 
Chemical Div., Food Machinery and Chemical Corp. 

10 Ovotran, 40 per cent wettable dust from Dow Chemical 
Company. 
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Table 2.—Hand operated sprayer application of aqueous suspensions to poultry infested with 
Bdellonyssus sylviarum. 








N UMBER OF Binns 


Per Gal. 
Spray 


MATERIALS U exp! Treated 


R- 242 1% 
Multifilm L’ 


R242 1% 


Multifilm L 3 23-34 


R- 242 1% 
rriton X-1004 


bist diab, isnoe’ 
methane 2% 
Triton X-100* 
bis( (p-chlorophenoxy) 
methane 1% 
Triton X-1004 
Aramite 0. 19% 
Multifilm L% 
perearmn 0. 137% 
Multifilm L’ 
Aveutsib 0.36% 
Triton X-100* 
Aramite 0. 17% 
Triton X-1004 


p-c chlorepheng! p-c sdileees | 
benzene sulfonate 1% | 
Multifilm L 
p-c Morephe ons p-chloro- 
benzene sulfonate 1% 
Multifilm L 
p-c horenhensl p-chloro- 
benzene sulfonate 1% 
Triton X-1004 
Sulfur 1% | 
Multifilm L* 60 


35-50 


DEGREE OF INFESTATION? 


Weeks Post-treatment 


12 16 20 








(very light 
at 6 mo.) 


1 





1 All sprays made with commercial wettable dusts ~ indicated detergents, 


2 0—no mites; 1—very light infestation; 2—light; 
3 Multifilm L used at rate of 8 oz./100 gallons. 
4 Triton X-100 at rate of approximately 3 0z./100 gallons. 


gents should not be interpreted to mean 
that any commercially available detergent 
would be satisfactory in augmenting the 
wetting action of the various suspensions 
discussed here. Some may produce floccu- 
lation of particles resulting in a rapid 
separation of the active agents from the 
suspension. 

A one per cent bis(p-chlorophenoxy)- 
methane suspension plus Triton X-100 


—moderate; 4 


-heavy. 


wetting agent was applied to 250 birds at 
a rate of 1 gallon to 50 infested birds using 
60 pounds pressure and a nozzle producing 
a fine spray. Control was immediate but 
slight reinfestation was present between 
the 6th and 7th weeks posttreatment. A 
further test with 1 per cent bis(p-chloro- 
phenoxy)methane plus a commercial 
detergent, Tide, produced inferior results 
on 434 infested birds when sprayed at the 


















826 JOURNAL OF ECONOMIC ENTOMOLOGY 


rate of 1 gallon to 29 birds. Immediate 
control was effective but mites reappeared 
within 3 weeks. 

SUMMARY AND ConcLusions.—No 
single method for the control of the north- 
ern fowl mite, Bdellonyssus sylviarum, 
was found which was equally effective 
under all conditions. In mild weather in- 
festations in large poultry flocks may be 
very effectively controlled with a power- 
spray application directly on the birds 
using a 1 per cent aqueous suspension of 
R-242 plus Triton X-100 to increase the 
wetting properties of the commercially 
available wettable dust. Various other 
detergents may, however, be substituted 
effectively. A pump pressure of 50 pounds 
with a nozzle producing a moderately 
coarse droplet spray produces satisfactory 
penetration of feathers. Not more than 35 
to 50 birds should be treated per gallon 
of spray by this method to provide 
thorough wetting. 

The above spray may be applied effec- 
tively with a hand sprayer if the suspen- 
sion is continuously agitated and the 
nozzle produces a coarse driving spray. 
Not more than 35 birds should be treated 
per gallon of spray. 

In very cold weather dust applications 
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are preferable to sprays, though much 
more tedious to apply. Either 10 per cent 
R-242 dust or 10 per cent bis(p-chloro- 
phenoxy)methane dust applied by hand is 
effective. 

Where fowl are maintained in small 
cages containing one to two birds, rapid 
and effective treatment may be obtained 
by applying a 40 per cent dust of R-242 
with a puff type duster. 

Birds utilizing roosts can be quickly 
though temporarily relieved of infesta- 
tions by painting the roosts with a mixture 
of equal parts of 40 per cent nicotine 
sulfate and diesel oil or with the more 
expensive 40 per cent nicotine sulfate 
alone. 

In tests reported here bis(p-chloro- 
phenoxy)methane was approximately as 
effective as R-242 when applied as a dust 
or as a hand-sprayed suspension. Aramite 
blistered the skin of birds when applied 
as 3 and 5 per cent dusts, and occasionally 
also as a spray suspension; control was 
effective only at relatively high concentra- 
tions. P-chloropheny] p-chlorobenzene sul- 
fonate was ineffective as a spray or a dust. 
A one per cent suspension spray of wet- 
table sulfur was ineffective. 
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Larch Sawfly Investigations in Minnesota, 1952! 


A. T. Drooz,? Bureau of Entomology and Plant Quarantine, Agricultural Research Administration, 


The larch sawfly, Pristiphora erichsonii 
(Htg.), was recorded from Minnesota in 
numbers requiring artificial control as 
early as 1935. Infestations remained either 
light or scattered throughout the early 
1940’s, but in 1946 Hodson (communica- 
tion) reported a marked population in- 
crease which, within 3 years, erupted into 
the current outbreak. Since 1949, recon- 
naissance surveys have been conducted 
from the air and ground to determine both 
the magnitude of the infestation and the 
intensity and duration of attack preceding 
tree mortality. At present, serious de- 
foliation is occurring over the eastern 


United States Department of Agriculture 


two-thirds of the northern half of Minne- 
sota. The Federal Forest Service (Cun- 
ningham 1950) lists approximately 1 
million acres of tamarack type in Minne- 
sota, and surveys reveal about a third of 
this acreage under some degree of attack 
by the sawfly. 

A brief review of the insect’s life history 
will show the complexities faced when 
considering artificial control methods. 
The adults are active for about 2 months. 


f 


1 Presented at the meeting of the American Association o 
Economic Entomologists at Philadelphia, Pa., December 15-18, 
1952. 

2 The author wishes to acknowledge the field assistance o! 
L. C. Beckwith. 


















October 1953 


They were found in northern Minnesota 
in 1952 between May 22 and July 25. In 
areas where the trees were quickly and 
totally defoliated, oviposition after the 
third week in June was undoubtedly 
wasted effort on the part of the sawfly, 
since few of the hatched larvae could feed 
through to maturity. 

The eggs are laid in the tender new 
shoots, which generally curl as a result of 
oviposition injury. In 1952 shoots at- 
tacked after July 10 failed to show this 
characteristic sign of oviposition. The 
eggs hatch in about 8 days and very little 
feeding takes place on needles growing on 
the new shoots; the larvae of all five in- 
stars feed gregariously, preferring the 
needles of the older shoots. After feeding 
for 15 to 21 days the fully grown larvae 
drop to the ground, where they spin 
cocoons in the litter, duff, or sphagnum, 
but do not enter mineral soil. As cocooned 
larvae they overwinter and some may 
stay cocooned over two winters. Pupation 
may occur at any time during the late 
spring or into the summer months. 
Butcher (unpublished) stated that the 
pupal stage lasts 8 to 14 days. 

The extent of the present problem and 
limited personnel made it necessary to 
trim the size and scope of studies devised 
to give greater insight into the ecology 
and control of this pest. To begin with, 
two study plots were established in the 
vicinity of Cass Lake, Minnesota, to 
serve the needs of biological investiga- 
tions. At each site 15 trees in a line were 
paint-numbered for convenience and to 
reserve these individual trees for future 
study. Under the crown of each tree was 
installed a pair of circular frass traps that 
covered 2 square feet each. Except for 2 
days, only 1 of which was important, 
weather permitted collections to be taken 
every 2 days. It was indeed unfortunate 
that heavy rains prevented the collection 
from being taken on July 2, probably the 
date of the peak frass drop. Graphic 
presentation depicts the peak occurring 
between June 30 and July 3. Information 
garnered from frass drop records can play 
an important role in the development of 
timing criteria for the application of 
control measures. It is also a useful tool 
for corroborating adult-emergence data. 
Our records, based on 517 cocoons, indi- 
cate that the peak of adult emergence was 
reached on June 15. Rearing experiments 
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showed that the fifth instar was attained 
after a feeding period of 10 to 16 days. 
All things being equal, it should therefore 
follow that the maximum frass drop 
would occur between June 25 and July 2. 
According to data collected through the 
season, the height of frass production, 
based on oven-dry weight, occurred be- 
tween June 27 and July 4; this 2-day for- 
ward shift from the expected period was 
possibly due to differences between tem- 
peratures in the field and in the exposed 
rearing laboratory. 

Five well-spaced trees were tagged in 
each sampling area to acquire information 
on oviposition and larval development. 
Two branches were removed from the 
middle third of each tree. The number of 
unattacked and attacked twigs was re- 
corded, together with the number of 
larvae in each stage per branch. On June 
26, during the period of maximum larval 
activity, the average number of larvae per 
branch on one plot that was totally de- 
foliated was 283; the maximum was 699, 
the minimum 31. During a like period on 
the other plot, which had only 29 per cent 
defoliation, the average larval population 
per branch was 28; the maximum was 119, 
the minimum 0. 

Branch studies have revealed two limits 
of infestation from which certain assump- 
tions may be made. If natural-control 
factors are not sufficiently numerous to 
affect the abundance of this pest and if 
about 20 per cent of the new shoots have 
been curled by oviposition injury, com- 
plete defoliation may be expected. How- 
ever, if only 5 per cent of the new shoots 
are attacked, defoliation may be no more 
than 30 per cent. Study along this line 
should be expanded, utilizing branches 
from trees having determined amounts 
of defoliation. With such information on 
hand it is hoped that pre-spray examina- 
tions of infested tamarack, a week or 10 
days before the scheduled operation, may 
be conducted as a final check to determine 
the immediate necessity of spraying. De- 
tailed spraying experiments utilizing lar- 
val development data are desirable at this 
time to gain much needed information 
concerning the possibilities of artificial 
control. It is not known how many suc- 
cessive years of defoliation can be toler- 
ated by tamarack, but if valuable pole 
and saw-timber stands require spraying 
in order to protect them, plans based on 
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sound experimentation must be ready for 
the occasion. 

A study of the natural factors of control 
must be conducted during an outbreak of 
this nature to provide estimates of their 
role in the ecology of this sawfly. At 
present, cocoons collected at 23 perma- 
nent ground-survey plots in northern Min- 
nesota are in cold storage. As time per- 
mits, these larvae will be dissected. A 
limited number of dissections for parasites 
have been carried out in conjunction with 
a parasite liberation. Mesoleius tenthre- 
dinis Morely, an introduced ichneu- 
monid; Bessa harveyi T. T., a larvaevorid 
that is probably a native parasite (Dow- 
den 1937; Hawboldt 1947); and the native 
chaleid Tritneptis klugii (Ratz.) are the 
three most abundant parasites of the larch 
sawfly in Minnesota. 

Of 155 sawfly cocoons collected from 
nearby Aurora, Minnesota, 9 contained 
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larvae of Bessa harveyi, 32 had Mesoleius 
tenthredinis eggs (encapsulated), and only 
5 held larvae of M. tenthredinis. Tritneptis 
klugii was not found in this collection. 
The total effective parasitization, there- 
fore, amounted to 9 per cent—6 per cent 
attributable to Bessa and 3 per cent to 
Mesoleius. However, total oviposition by 
Mesoleius at this site amounted to 24 per 
cent. Recent investigations in Canada 
(Muldrew 1950) indicate that host re- 
sistance to this parasite in Manitoba is 
causing serious inroads on its effective- 
ness. Apparently the same unfortunate 
phenomenon prevails currently in Minne- 
sota. Rodents, insect predators, and 
weather account for the destruction of 
inestimable numbers of sawfly larvae. 
Probably the greatest control factor is 
precipitation and much work lies ahead 
concerning this facet of the insect’s 
ecology. 
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“Insects” —USDA YErarBooK HONORED 


The U. S. Department of Agriculture Yearbook 
for 1952, “Insects” is attracting much attention. 
It has been selected by the American Institute of 
Graphic Arts as one of the Fifty Books of the Year. 
The Textbook Clinic of that Institute also chose it 
as one of the $1 outstanding textbooks of the year. 
The announcement of the first of these awards was 
made at the Institute’s annual dinner at the Colum- 
bia University Club in New York City on April 7. 
Mr. Alfred Stefferud of the Department of Agricul- 


ture was introduced as the editor of “one of the most 
unusual books in the whole exhibit particularly not- 
able because it is practically the only Government- 
produced book ever to be selected.” The demand 
for this book has been unusually heavy. The first 
edition of over 284,000 copies 50,000 of which were 
for sale by the Government Printing Office has been 


largely exhausted. 
F. C. BisHopp 





The Absorption, Distribution, and Metabolism of DDT in 
DDT-resistant House Flies! 


A. S. Tanort and W. M. Hoskins 


Normal appearing three days old lar- 
vae, which were less than half grown, con- 
tained almost 3 ug. DDT, far exceeding 
the highest amount found in adults dying 
after topical application and many times 
larger than that which surviving adults 
could tolerate. DDT within the adults 
decreased as they grew older in agree- 
ment with the changes following topical 
application. The very large amounts of 
DDE in both larvae and surviving adults 
are a further indication of the non-toxic 
nature of this compound. 

C. Metabolism of DDE.—When larvae 
are kept on the DDT-contaminated diet 
their content of DDE increases but if 
put on a non-contaminated diet the 
DDE declines, e¢.g., from 21.89 to 14.35 
ug. in 3 days (Table 4). The change during 
the pupal period is much slower, but in 
the adult fly, DDE again is rapidly 
metabolized to something that does not 
give the Schechter-Haller test and pre- 
sumably is the same substance(s) pre- 
viously called X. Evidence has been cited 
earlier that 3 or 4 days after topical appli- 
cation of DDT, the chief process is the 
change of DDE to X. Further data on 
this point are given by tests with DDE 
applied topically to Bellflower flies, as 
shown in table 5. The situation was 
simpler here than when DDT was applied, 
for all the DDE was present from the 
beginning rather than as an increasing 
product of metabolism. The larger amount 
was metabolized less completely, as might 
be expected, and piperonyl cyclonene 
which reduces penetration of DDE ap- 
pears to interfere with its metabolism to 
a slight but noticeable extent. 

D. Distribution in body regions following 
application to one region.—As a prelimi- 
nary to more detailed studies on distribu- 
tion among body tissues, it was of in- 
terest to determine the DDT and DDE 
in the three chief regions of the body fol- 
lowing application to any one part. 
Bellflower flies in groups of one hundred 
were fastened by their feet to beeswax in 
petri dishes and 1 mm.’ acetone contain- 
ing 5 ug. DDT was applied to the chosen 


body region with great care to minimize 
spreading of the liquid before it evapor- 
rated. Observation under a low power 
microscope indicated that the liquid did 
not spread to adjoining parts. Loss of 
DDT to the dishes was negligible. Fifty 
ug. piperonyl cyclonene were included in 
each application to depress detoxification 
and thereby increase the final amounts of 
DDT. 

After 24 hours the flies were removed 
from the dishes, rinsed with three portions 
of chloroform and then separated into 
the three portions. They were ground 
with anhydrous sodium sulfate, extracted 
and analyzed as described under methods. 
The results are given in table 6 which 
shows the averages from two closely 
agreeing experiments. In each case most 
DDT was found in the segment to which 
application was made but there appears 
to be a general drift toward the abdomen. 
Only small amounts of DDE were found 
but in all cases the abdomen contained 
more than other regions regardless of the 
site of application. 

It is obvious that the dorsal abdominal 
surface is more difficult to penetrate than 
either that of the head or thorax but that 
metabolism of the DDT which entered 
was comparable in all cases. An unknown 
amount was swallowed when application 
was made to the head. Another indication 
that the abdominal cuticle is penetrated 
with difficulty is afforded by a comparison 
of the entrance and metabolism of 11.7 
ug. DDT applied to the ventral thorax 
and ventral abdomen of groups of Bell- 
flower flies. They were not constrained 
and considerable DDT was brushed off 
the ventral abdomen. Comparative ease 
of penetration may be estimated from the 
circumstance that over a 24 hour period 
the external DDT on the thorax changed 
from 11.7 to 4.61 ug., whereas that on the 
abdomen changed from 11.7 to 5.03 ug. 
On the average there was more DDT 
available for penetration on the latter, 
but the amounts actually penetrating 


1 For the first part of this paper see the Jour. Econ, Env. 46: 
302-6, April, 1953. Ed. 
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Fic. 1.—Observed and calculated absorption curves 
of extracts from flies treated with DDT. 


were 6.18 and 3.87, respectively. Hence 
the ventral abdominal surface also is 
penetrated with difficulty by DDT. 

Ek. Distribution of DDT and DDE 
body tissues.—In order to localize, if possi- 
ble, the site(s) of detoxification and stor- 
age of DDT, analyses were made of flies 
at various times after treatment following 
dissection into outer, inner and nervous 
tissue as described under Materials and 
Methods Used. Typical results are shown 
in table 7. It is obvious that DDT and 
DDE occur in all three groups of tissues 
but that there are differences in the 
changes with time after application. DDE 
increases most markedly in the outer 
tissues whereas DDT shows no decided 
change after the first few hours. Conse- 
quently the ratio DDE/DDT in these 
tissues increases linearly with time while 
in the inner tissues the ratio increases less 
rapidly and appears to level off after a 
few days. The Bellflower and Phoenix 
strains differ quantitatively but agree in 
the general trends as shown in figure 2. 
The points for Phoenix flies fifteen days 
after first treatment appear to be con- 
sistent with the other data, but results for 
intermediate periods are lacking. Ex- 
pressed in another way, DDE accumu- 
lates most markedly in the outer tissues 
whereas DDT tends to remain unchanged 
in the inner tissues. The amounts of 
DDT in nervous tissue are too small and 
uncertain to permit reasonably accurate 
calculation of the DDE/DDT ratio. The 
distribution of DDT+DDE agrees in 
general with the conclusion of Lindquist 
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et al. (1951) from radioactivity that about 
75 per cent of the total DDT plus metab- 
olites remain in the external tissues. 
Since the hemolymph is a_ probable 
means for distribution of absorbed DDT 
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Fic. 2.—Effect of time after application upon 
ratio DDE-DDT in tissues of houseflies. 


and its metabolic products, several analy- 
ses were made. Following application of 
3 ug. DDT to Bellflower flies the amounts 
found were: 0.5 hour, 0.06, 0; 1 hour, 0.12, 
0.05; 2 hours, 0.13, 0.08; 3 hours, 0.08, 
0.07; 4 hours, 0.08, 0.08; 12 hours, 0.08, 
0.08, the figures in italics referring to 
DDE. Similarly, after 3 ug. DDT plus 
30 ug. piperonyl cyclonene were applied 
to Phoenix flies, the hemolymph contained 
at 4 hours, 0.06, 0; 10 hours, 0.10, 0.07; 
12 hours, 0.12, 0.03; and 10 ng. DDT plus 
30 ug. piperonyl cyclonene gave 0.13, 
0.01 after 5 hours. Thus the lowest 
amount of DDT found in 17 analyses 
was 0.06 ug. and the highest 0.13 ug. 
DDE appeared in the hemolymph more 
slowly than DDT and only after 5 hours 
when piperonyl cyclonene was included 
in the application. 

Discussion.—The data of tables 2 and 
3 have shown that survival of DDT- 
treated flies is dependent upon conversion 
of incoming DDT to a non-toxic form. 
This situation may be expressed either in 
terms of unchanged DDT which may be 
tolerated or, conversely, as the fraction 
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Table 1.—Absorption of DDT or of DDE after 
application of 1 mm.* acetone solution to ventral 
thorax; temperature 26° C. unless specified 
otherwise. Strains used: Berkeley (B), Bellflower 
(B1), Phoenix (P), Super Laton (SL). 








Per Cent ABSORBED IN 
Amount APPLIED 24 Hours 
Piperony] Living at End Dead at End 


DDT Cyclonene of Period of Period 
0.10 91B 86 B 
0.10 5 66 B 53 B 
0.20 79 B (32.5°) 74 B (32.5°) 
1.00 5 56 
1.50 96 P 
1.50 93 BI 
1.50 15 76 Bl 
2.00 - 85 BI 58 B 
2.00 - 84 P 
2.50 - 84 SL 68 SL 
2.50 10 51 SL 
2.50 85 Bl 50 Bl 
2.50 25 32 Bl 
3.00 80 P 
3.00 30 55 Bl 
3.50 76 Bl 
5.00 58 BI 43 Bl 
5.00 15 BI (13.5°) 13 BI (13.5°) 
5.00 72 BI (32.5°) 

5.00 50 27 Bl 
5.00 50 55 BI (32.5°) 
10.00 49 BI (12 hrs.) 
ys 53 Bl 
10.5 13 BI (12 hrs.)! 
1.50 15 (DDE) 83 Bl 

DDE 15.00 65 BI 

DDE 15.00 100 55 Bl 





1 Flies previously killed with COs. 


which must be metabolized. Only a small 
part of the entering DDT is left un- 
changed in surviving flies and as a rule 
not over 3 times as much in those that die. 
Hence correlation of mortality with per 
cent metabolized involves comparison 
of large figures that differ but little. With 
the Berkeley, Super Laton and Bellflower 
strains the generalization appears to hold 
that in the whole body those which suc- 
cumb contain more unchanged DDT than 
those that live. However, this regularity 
does not hold for Phoenix flies. Probably 
the overall amounts of DDT in the body 
are a rough measure of the amount in the 
critical region(s) where toxic effects have 
their origin since the substance obviously 
is moved about through the body and the 
amount in any one place is influenced by 
the total available. But this dynamic 
halance may require more time, eé.g., In 
Phoenix flies, than in others. 

The possibility that subdivision into 
smaller parts of the body would reveal 
differences among them from which the 
site(s) of toxic action and of detoxification 
might be located led to the experiments 


reported in table 7. Little, if any, light 
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was thrown on the toxic action question 
with the possible exception that the 
nervous tissues seem to be more heavily 
loaded with both DDT and DDE than 
other parts of the body. However, only 
central nerve cord and ganglia were 
examined and the weight of opinion is 
against these being the site of action of 
DDT (Yeager & Munson, 1945; Tobias 
and Kollros, 1946; Roeder & Weiant, 1946; 
Roeder, 1952). 

On the other hand, it appears significant 
with reference to site(s) of detoxification 
that after the initial movement of DDT 
into the outer tissues, this substance 
steadily decreases while DDE continues 
to rise, so the DDE/DDT ratio becomes 
very large after a few days. This ratio 
never becomes so large in the inner tissues. 
From these facts it may be concluded 
that the outer tissues are the chief site of 
detoxification to DDE and that DDT 
which gets into the inner tissues is acted 
upon more slowly. A very small part of 
the DDE produced in the integument 
appears to diffuse outward and appear in 
the rinsing along with unabsorbed DDT. 

Analyses of tissues from flies reared on 
a DDT-contaminated larval diet gave a 
more detailed picture, since dissection was 
made into smaller tissue units. In brief, 
the DDT, DDE values in ug per fly and 
DDE,/DDT ratios for the following tis- 
sues were, respectively: head cuticle 0.04, 
1.2, 25.4; thoracic cuticle 0.04, 2.18, 54.8; 
abdominal cuticle 0.05, 6.62, 132; legs and 
wings 0.06, 1.27, 21.2; alimentary canal 
0.07, 1.62, 23.2; fat body 0.14, 2.81, 20.1; 
nerve cord and ganglia 0.04, 0.56, 16.0; 
thoracic muscles 0.06, 0.91, 15.1; blood 
0.03, 0.11, 3.7. Of course, these flies con- 
tained tremendous amounts of DDE com- 
pared with those which survive even 
multiple applications, but the importance 
of the cuticle, especially that of the ab- 
domen, in accumulating and presumably 
in forming DDE is clear. The alimentary 
‘anal appeared to be efficient also, where- 
as the muscles, fat body and nervous tis- 
sues contain relatively small amounts of 
DDE. Whether the blood has an active 
role or merely takes the chemicals from 
other tissues is not known but it clearly 
departs widely from any of those ana- 
lyzed. It may be noted that DDT in the 
blood in this case is lower than that cited 
earlier for flies a few hours after topical 
application of 3 ug. DDT. This is in agree- 
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Table 2.—The metabolism of DDT following a single topical application (at 26° C. except as indi- 


cated otherwise). 








DDT 


STRAIN LD5o 


APPLIED INTERVAL SORBED 


Un- 
CHANGED 
DDT 


DDT 
AB- 
DDEt Xt 


X/DDE 





Berkeley 6.15 0.100 


0. 2007 


Super Laton 


Bellflower 


we 2 
oe 


@ 2 20 
o oa a) 


29 
30 
31 


$2 Phoenix 
33 
34 
35 


0.091 


.010a 0.065 .016 0. 
0.086 18: 


021d .023 042 


0.110 .039 a .029 042 a 
0.148 084 a .036 .028 0. 
0.163 046 a 054 . 062 1. 
0.147 .083 d .027 0% ee 


.81 2a 
1.36 38a 
.08 ase 


12 Wa 
.68 380d 
2.30 07 ¢ 
2.30 03 ¢ 


.89 18 ¢ 
43 32 ¢ 
65 26 ¢ 
.14 .32 


.03 .29 ¢ 
2.14 .53 


37 16 ¢ 
3.99 
.18 13 


25 07 ¢ 


.92 13 
16 12% 


444 


a 





* Temperature 13.5 C. in this test. 

a—Signifies alive at end of interval. 

t Expressed as corresponding amounts of DDT. 
+t Temperature $2.5 C. in this test. 

d—Signifies dead at end of interval. 


ment with the usual finding that DDT 
slowly decreases in all tissues. 

It is possible, of course, that analysis of 
still smaller units of tissue, such as periph- 
eral sensory nerves, sensory organs or 
portions of the digestive tract would show 
amounts and ratios of DDT and its deg- 
radation products that would indicate 
clearly both the site(s) of toxic action and 
of detoxification but such work can be 
attempted only after analytical methods 


are made much more delicate than those 
now available and the degradation prod- 
ucts of DDT have been identified more 
completely. 

The metabolism of absorbed DDT ap- 
pears to proceed by the route: DDT 
—DDE—X. This conclusion rests upon 
the experimental facts; a) DDE is metab- 
olized to a form not detectable by the 
Schechter-Haller test at a rate compara- 
ble to that at which DDT forms X 
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Table 3.—Metabolism of DDT following repeated applications. 








INTERVAL IN Hours 





STRAIN LD 50 


24-48 48-72 





Bellflower 10.0 
DDT 
applied 
absorbed* - 
unchanged 


DDEt 
Xf 


coooroonew 


18.0 
DDT 
applied 
absorbed* 
unchanged 


DDEt 
Xt 


Cor or oonww 


2.8 
DDT 
applied 
absorbed* 
unchanged 


DDEt 
Xt 


Phoenix 


3. 
3. 
0. 
0. 
0. 
0. 
2. 
1. 


5.0 
DDT 
applied 
absorbed* 
unchanged 


12 


DDEt 
Xt 


et OO MH OO 


7.00 (3.50) 10.00 (3.00) 
98 (2.18) 7.52 (2.13) 


i 0.18a 
.67d 0.63d 
a a — 2. 
.65d 1.75d 
oe ne 0 
40d 4.38d 


.00 (3.50) 10.00 (3.00) 15.00 (5.00) 
70 (2.17) 7.21 (2.51) 11.88 (4.17) 


37a — ———_ 0.20a 
75d 0:93d 1.15d 
ee 2.50a ———— 3.04a 
65d 2.12d 2.87d 
.38a 4.20d ——_— 5.01 
.86d — 376d 7.23d 


.00 (3.50) 
.68 (3.65) 
. 16a 
.14d 
-10a 
.84d 
54a 
.09d 


.00 (3.50) 
6.33 (3.21) 


10.00 (3.00) 
9.03 (3.19) 


So 0.26a =m 0.19a 
19d 0.22d 0.26d 
.30a 1.96a 2.42a 
.03d —~ 174d oy, 2.37d 


6.70a 
6.40d 





* By survivors; non-survivors absorbed less in each case. 


Parentheses (_ ) indicate amounts applied and absorbed in each interval of time. 


a—Signifies alive at end of interval. 

d—Signifies dead at end of interval. 

+ Expressed as corresponding amounts of DDT. 
(compare Table 5 with Table 2, line 31); 
b) DDE disappears from flies which have 
formed it as larvae when feeding on a 
DDT-contaminated diet (Table 4); ¢) in 
resistant flies the unchanged DDT reaches 
& maximum in a few hours after applica- 
tion, while the maximum amount of DDE 
occurs between 1 and 2 days and X in- 
creases steadily but at a declining rate 
after the available DDT and DDE start 
to drop. The amount of DDE present at 
any time is controlled by the dynamic 
balance between total DDE formed and 
that further metabolized. 


If this reasoning is correct it may be 
predicted that DDE applied along with 
DDT will delay the metabolism of the 
latter by a mass action principle and in- 
crease the toxic effect, z.e., DDE should 
have a synergistic effect with DDT. 
Data obtained with Bellflower flies, LD 
50=5, bear this out. Thus when 1.5 ug. 
DDT were applied, 1.393 ug. were ab- 
sorbed in 24 hours, 97.8 per cent were 
metabolized (0.098 yg. left unchanged) 
and the mortality was 16 per cent. When 
15 wg. DDE, which by itself had no ap- 
parent effect, was added to the DDT, 
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Table 4.—DDT and DDE in larvae, pupae and adults of Bellflower strain from larval diet containing 












TIME FROM 
Hatcuinc— 


STAGE in Days DDT/InpivipuaL DDE/InpivinuaL 

larvae 3 2.81 21.89 
larvae 6 0.64* 14.34* 
early pupae 7 0.41 10.45 
late pupae 11 0.35 10.03 
emerging adults 12 0.377 0.33 30.237 9.94 
adults 14 0.30 21.64 

0.43 16.30 

0.54 18.89 
adults 15 0.21 9.5 
adults 18 0.15 0.09 10.97 6.65 

0.10 9.97 
excreta for 12 to 15 day period 0.05 0.08 

0.22 


excreta for 12 to 18 day period 0.05 











* Data in these columns refer to larvae 
t Many died soon after emerging. 


1.238 ug. of the latter was absorbed, 74.0 
per cent was metabolized (leaving 0.323 
ug. unchanged) and the mortality was 
58.0 per cent. 

The high ratio X/DDE soon after ap- 
plication and its subsequent decrease for 
a couple of days appear difficult to ex- 
plain in terms of X formation from 
DDE. If a certain amount of either DDT 
or DDE is in a form which either cannot 
be extracted in chloroform, or does not 
give the color reaction, the effect would 
be to give relatively higher values of X in 
early periods when only small amounts of 
DDT have been absorbed and but little 
DDE is present. This effect wotild become 
negligible when larger amounts are con- 
cerned. Such an effect would not argue 
against the conclusion that the general 
reactions are DDT—DDE—-X. This 
matter is being investigated. 

A second example of DDE acting as a 
synergist is given by the application of 3 
ug. DDT to one day old Bellflower flies 
from DDT-fed larvae. These contained 
an average of 0.30 ug. DDT and 26.0 ug. 
DDE. In 25 hours 1.03 pg. DDT pene- 





put on uncontaminated diet at end of third day. 








Table 5.—Metabolism of DDE after topical application to Bellflower flies*. 








trated, a maximum of 46 per cent was 
metabolized (considering that none of the 
0.30 wg. present at the start was metab- 
olized) and the mortality was 66.0 per 
cent. Application of 3.0 ug. DDT to 
other flies of the same generation but 
reared on the usual larval medium caused 
only 11.0 per cent mortality. 

A decline in the toxicity of DDT as the 
temperature rises within the biological 
limits has been found by numerous in- 
vestigators with several insects and re- 
cently has been examined critically by 
Vinson & Kearns (1952). On the basis of 
extensive analyses they determined that 
in passing from 15° to 35° C. the rate of 
penetration of DDT increases propor- 
tionately faster than the rate of its metab- 
olism or, stated conversely, the rate of 
metabolism decreases proportionately less 
than the rate of penetration as_ the 
temperature falls. From this it follows 
that the increased mortality at lower 
temperatures cannot be explained by a 
lowered rate of detoxification. 

That a similar situation holds with re- 
sistant houseflies may be seen by taking 


























INTERVAL IN DDE DDE Per CENT 
DDE AppLuigED IN yg. Hours PENETRATING RECOVERED BS METABOLIZED 
11.0 0-24 4.99 2.15 2.84 56.9 
15.0 0-24 9.72 5.97 3.75 39.6 
15.0+100 piperonyl 
cyclonene 0-24 8.30 5.69 2.61 31.4 








* LD50=5 ug. DDT. 
t Expressed as corresponding amounts of DDE. 
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Table 6.—Recovery of DDT and of DDE from different body regions of Bellflower flies living 24 
hours after application of a mixture of 5 ug. DDT and 50 yg. piperonyl cyclonene. All amounts are in 


HRS. 








SITE OF 


APPLICATION SEGMENT ANALYZED 


DDT 
PENETRATING 


Nort Ac- 
DDT/FLy DDEt/Fiy  couNTED Fort 





head 
thorax 
abdomen 
total inside 
external 
total 


head 


head 
thorax 
abdomen 


total inside 


dorsal thorax 


external 
total 


head 
thorax 
abdomen 


total inside 


ventral thorax 


external 
total 
head 


thorax 
abdomen 


dorsal abdomen 


total inside 
external 
total 


0.02 
0.03 
0.04 
0.09 
, 2 


.09 


0.10 
0.06 


0.16 
3.70 
3.86 
0.01 0 


0.14 0.03 
0.09 0.06 
0.24 0.09 
3.42 » we 
3.66 0.09 
0 0 
0.06 0.02 
0.18 0.05 
0.19 0.07 
4.19 0. 
4.38 0.07 





+ Expressed as corresponding amounts of DDT. 


some data from table 2. Thus for Bell- 
flower flies of LD 50=20 ug., the applica- 
tion of 5 ug. DDT had the following 
effects: 


Per Cent 

Absorbed 
18.4 
67.4 


71.2 


Amount 

d { bsorbed 
0.92 
$3.37 


3.56 


‘TEMPERATURE 
18.5° 
26.0 
$2.5 


Clearly, the relative decline in metabolism 
is trivial, while absorption drops greatly, 
especially in passing from 26° to 13.5°. 
The basic question seems to be, why 
can an insect act normally, say at 35° C., 
while carrying in its body a certain 
amount of DDT, but is rapidly thrown 
into convulsions if the temperature is 
dropped, and again is relieved of these 
symptoms on restoration of the original 
temperature? It appears reasonable to 
suggest that reversible collection or ori- 
entation of DDT, or perhaps of DDE, at 
some sensitive interface may be the con- 


trolling mechanism, but no data have as 
yet been offered. 

A reevaluation of the three apparent 
means of defense against DDT, first 


Per Cent 
Metabolized 
85.8 
95.2 
87.6 


Mortality 
in Per Cent 
74.2 
16.7 


1.0 


Unchanged 
DDT 


0.13 
0.16 
0.44 


mentioned in 7 may be made in the light 
of the results of the present work. Detoxi- 
fication to DDE is the most important 
process since that is the chief means 
whereby flooding of the body including 
the as yet undetermined site(s) of toxic 
action is prevented from occurring when- 
ever contact is made with a source of 
DDT. Support is also given by interesting 
data cited by Perry (1952) on the relation 
of mortality to inhibition of DDE forma- 
tion by the synergist 1, 1 bis- (p-chloro- 
phenyl)-methy! carbinol or DMC in the 
resistant Roberds fly. Increase in mor- 








836 


JOURNAL OF Economic ENTOMOLOGY Vol. 46, No. 5 


Table 7.—Amounts of DDT and of DDE occurring in outer, inner and nervous tissues following 
application of DDT. 






















INTER- — 


DDT DDE 




























Phoenix 5 














0-24 
0-24 
24-48 7 


48-72 10 


24-48 


.00 





3 


.00 
.00 


7.00 


0-24 1 
24-48 2.50 
48-72 3.50 
72-96 4.50 


0-24 
24-48 6. 
48-72 8. 


72-96 10. 
to 15 days 





.50 


.50 





.50 
(1.00) 
(1.00) 


4. 
Of 
00 
00 


VAL IN Outer Inner Nervous 

Strain’ LDs. Hours Applied Absorbed Tissues Tissues Tissues 
Bellflower 25 0-2 10.00 2.90 0.34 0.11 0.30 0.06 
2-4 3.56 (0.66) 0.35 0.17 0.43 0.22 
4-12 4.85 (1.29) 0.18 0.40 0.39 0.27 

18 0-24 3.50 2.53 0.17 0.58 0.11 0.23 0.08 0.11 

24-48 7.00 (3.50) 4.70 (2.17) 0.15 0.95 0.15 0.43 0.07 0.26 

48-72 10.00 (3.00) 7.21 (2.51) 0.18 1.15 0.22 0.56 0.08 0.27 

18 0-24 3.50 2.80 0.17 0.83 0.14 0.3 0.04 0.13 

24-48 7.00 (3.50) 4.98 (2.18) 0.18 1.15 0.11 0.46 0 0.11 

48-72 10.00 (3.00) 7.11 (2.38) 0.10 1.30 0.08 0.40 0 0.28 


-00 


.50 


(3.50) 
(3.50) 





(3.50) 
(3.00) 


(3.50) 





(1.00) 


00 


(2.00) 
(2.00) 
(2.00) 


2.40 0.08 0.62 0.05 0.32 0.01 0.08 
3.12 0.10 0.59 0.17 0.21 0.08 0.16 
6.33 (3.21) 0.07 0.54 0.07 0.58 0.12 0.26 
(2.98) .06 0. 2.3 








18 me 
6.51 (3.28) 0.11 0.81 0.08 0.45 0.03 0.24 
9.27 (2.76) 0.07 1.07 0.08 0.44 9.25 





53 
6.76 (3.65) 0.08 0.87 0.95 0. 


4.36 0.07 0.55 0.03 0.23 0.02 0.09 





8.99 0.02 0.83 0.09 0.39 0.01 0.08 
































3.13 











me 
8 0.03 0.27 































region. 


after DDE is formed 


Parentheses (_ ) indicate amounts applied « 
¢t Expressed as DDT. 


and absorbed in each interval. 


tality as larger amounts of DMC are 
added to a constant dose of DDT paral- _ so far as it removes the primary product 
lels the degree of inhibition of DDE for- and thus prevents the initial metabolic 
mation. It is of course not implied that in — step from coming to a state of balance. In 
other insects or perhaps in other strains of | other words, formation of X reduces the 
houseflies, the importance of DDE forma- _ synergistic action of DDE. 

tion may not be much less, for Ferguson 
& Kearns (1949) found no DDE in the _ to evaluate. There is not always a differ- 
milkweed bug which is naturally rather ence between survivors and non-survivors 
highly resistant to DDT and Wintering- in this respect. It would seem that the 
ham (1952) has found Trogoderma larvae overall storage is much less important 
not to degrade DDT but rather to store than that in the critical region(s) of toxic 
large quantities of it in an unchanged action but concerning this nothing is 
state without harmful results. Probably known as yet. 

the overall metabolism of DDT affects SumMArY.—The application of DDT 
survival only by depleting the body and _ to the ventral thorax of houseflies results 
hence by drawing DDT from the critical in rapid penetration for about 4 hours, 


Degradation of DDE to X occurs only reduces entry but does not stop it. The 


and hence this abdomen is entered more slowly than the 


















second process can affect toxicity only in 








Storage of unchanged DDT is difficult 











thereafter at a slower rate. Death greatly 















October 1953 


thorax. Incoming DDT is metabolized to 
DDE and to unidentified product(s). 
Che unchanged DDT in the body is at a 
maximum four to eight hours after appli- 
cation in survivors but continues to in- 
crease in non-survivors. DDE increases 
for about two days and then decreases but 
the undetermined metabolites increase 
steadily. With repeated applications DDT 
remains approximately constant but DDE 
increases and the undetermined metabo- 
lites increase greatly. DDE itself is ab- 
sorbed and metabolized at about the same 
rates as DDT. 

Larvae reared on DDT-containing 
medium contain much unchanged DDT 
and very much DDE. Many fiies from 
these cannot emerge and others show 
DDT convulsions for a time after emer- 
gence. Both the contained DDT and 
DDE gradually disappear. 

All tissues of the body appear to con- 
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DDT. The high ratio of DDE/DDT in 
the integument indicates that this tissue 
is the principal site of formation of DDE. 
Interior tissues metabolized DDT more 
slowly. DDE acts as a synergist for DDT, 
by delaying its conversion to DDE. At 
low temperature DDT enters very slowly 
but that which penetrates has a powerful 
toxic action. At high temperatures pene- 
tration is rapid but toxic action is much 
weaker. This is not due to disproportion- 
ately faster metabolism but to some con- 
dition as yet not understood by which 
larger amounts of unchanged DDT can be 
tolerated in the body at higher tempera- 
tures. 

The generous assistance of Dr. H. 7 
Gordon, Dr. A. 5S. Perry, Mr. F. P. W. 
Winteringham, Mr. J. M. Witt and Mr. 
W. R. Erwin during the course of this 
work and preparation of the manuscript 
is gratefully acknowledged. 
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Studies on the manner in which several 
insecticides enter the boll weevil, Anthono- 
mus grandis Boh., have been reported by 
Mistric and Rainwater (1950). Additional 
information has been obtained with sev- 
eral insecticides against immature stages 
of the boll weevil developing inside of 
cotton squares, and also on the cotton 
leafworm, Alabama argillacea (Hbn.), the 
bollworm, Heliothis armigera (Hbn.), the 
stink bug, Hymenarcys nervosa Say, and 
the cotton fleahopper, Psallus seriatus 
(Reut.). 

Insecticides may enter an insect’s body 
through three surfaces—the outer integu- 
ment, the digestive tract, and the respira- 
tory system. Insecticides that penetrate 
these surfaces are termed contact, stom- 
ach, and fumigant insecticides, respec- 
tively. Mistric & Rainwater (1950) found 
that boll weevils were killed when allowed 
to feed on cotton plants that had been 
exposed to fumes of several insecticides. 
For the purpose of this discussion the 
process whereby insects are killed when 
exposed to previously fumigated plants is 
termed indirect fumigation. Direct fumi- 
gation will refer to the direct effect of 
insecticidal vapors on the insect. 

When referring to stomach, contact, 
and fumigating effects, the authors do not 
intend to imply that these effects are 
localized or that the site of action is cen- 
tralized. These terms are merely used to 
refer to the manner in which the toxicant 
enters the body of the insect. 

The objectives of this study were (1) to 
determine the manner in which certain 
insecticides enter several cotton insects, 
and (2) to compare the effectiveness of the 
various insecticides according to their 
modes of entrance. The results reported 
herein were obtained from laboratory 
experiments conducted at College Station, 
Texas, during 1949 and 1950. 

MareriAts AND Mernuops.—The fol- 
lowing insecticides were tested and were 
reported by the manufacturers to contain 
the given percentages of active ingredi- 
ents: 


Further Studies of the Action of Insecticides 
on Cotton Insects! 


Watrter J. Misrric, Jr., and C. F. Rarywater, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


838 


Benzene hexachloride (total) 0° “Os 

Alpha isomer........ ... 88.0 

Beta isomer . 9.0 

Delta isomer... 6.5 

Gamma isomer . 11.9 

Epsilon isomer . 1.0 

Acetone-insoluble. . . 15.4 
Toxaphene.... oy ates 1 ae” 
Chlordane. 50.0 
Aldrin... . . 95.0 
Dieldrin... 15.0 
CS-674A... , 50.0 
CS-645A.... 50.0 
be... . 100.0 
Parathion. . . 25.0 
Sabadilla 20.0 
Sulfur 97.5 


All these insecticides were supplied 
either as technical materials or as dust 
concentrates. They were diluted with 
pyrophyllite to the desired concentrations. 
The rate of application was kept constant 
throughout the experiments, and _ the 
concentration varied to obtain the desired 
dosages. 

All tests were conducted in the labora- 
tory and the insects were checked daily 
throughout their period of exposure. Con- 
tinuous temperature and humidity records 
were made on a hygrothermograph. Com- 
parable untreated checks were used with 
each test, and the per cent mortality was 
calculated by Abbott’s formula. The dust- 
settling chamber was similar to that de- 
scribed by Waters in a publication edited 
by Campbell & Moulton (1943). The 
dosage-mortality lines were calculated 
according to the method of Bliss. 

The total effect of the insecticides was 
determined on third-instar larvae of the 
cotton leafworm. Individual cotton plants 
were placed in the settling chamber, into 
which the dusts were discharged at the 
rate of 10 pounds per acre and allowed to 
settle for 5 minutes. The larvae were im- 
mediately confined on the treated plants 
by means of plastic-screen cages, and mor- 
talities were recorded over a 5-day period. 

The effect of the insecticides as stomach 

1 Report of a study made under the Research and Marketing 


Act of 1946, in cooperation with the Texas Agricultural Experi 
ment Station. 
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poisons was tested against the bollworm. 
Third-instar larvae were allowed to feed 
for 48 hours on poisoned cotton-leaf sand- 
wiches, prepared according to the method 
outlined by Campbell & Filmer (1929). 
The dusts were applied to the sandwiches 
at a rate equivalent to 10 pounds per acre. 
The larvae remaining alive at the end of 
the feeding period were then transferred 
to untreated cotton plants and mortality 
records were continued for an additional 
3 days. 

The contact effect of the insecticides 
was determined on the cotton leafworm 
and the bollworm. Third instars were 
placed in petri dishes, and the dust mix- 
tures were discharged onto them at the 
rate of 10 pounds per acre. After the dusts 
had settled for 1 minute, the larvae were 
then transferred to untreated cotton 
plants and confined in plastic-screen 
cages. Mortalities were recorded over a 5- 
day period after treatment. The contact 
effect was also determined on the stink 
bug. Adults were confined for 48 hours 
without food in petri dishes that had been 
dusted at a rate of 10 pounds per acre and 
the mortality was recorded at the end of 
this period. 

In the fumigation tests, where the con- 
centration is expressed as milligrams of 
active ingredient per liter, reference is 
made to the milligrams of solid toxicant 
per liter of air in the fumigation chamber. 
The compounds studied have rather low 
vapor pressures, and in order to interpret 
the results on a practical basis, this pro- 
cedure was followed. 

The direct fumigating effect of the in- 
secticides was determined by using two 
0.5-liter wide-mouth jars arranged mouth 
to mouth to constitute a fumigation cham- 
ber. The insecticide was spread out evenly 
on the bottom of the lower jar, and the in- 
sects were confined in the upper jar by 
means of a coarse copper-screen disk 
separating the two. The mouths of the 
two jars were sealed with a caulking com- 
pound at their juncture with the screen. 
After an exposure period, the insects were 
transferred to untreated cotton plants 
and mortalities recorded. Cotton leaf- 
worms were exposed for 12 hours and 
mortalities were recorded over a 5-day 
period after exposure, stink bugs were ex- 
posed for 24 hours and mortalities were 
recorded over a 3-day period, cotton flea- 
hoppers were exposed for 3 hours and 


839 


mortalities were then recorded, and boll- 
worms were exposed for 12 hours and 
mortalities were recorded over a 48-hour 
period. 

The indirect fumigating effect of the 
insecticides was determined by confining 
the tops of potted cotton plants inside 
6-liter lantern-globe fumigation cham- 
bers. The insecticide was placed in a 
shallow dish on the bottom of the chamber 
so as not to touch any portion of the 
plant. A caulking compound was used to 
seal the lantern globe to a wooden bottom 
and to a plate-glass top. The plants re- 
mained in the fumigation chamber for 
24 hours, after which they were removed 
and allowed to stand in the open labora- 
tory for 1 hour. The insects were then 
confined on these treated plants by means 
of plastic-screen cages. Cotton leafworm, 
bollworm, and stink bug mortalities were 
recorded over a 5-day period, whereas 
cotton fleahopper mortalities were re- 
corded at the end of 24 hours. 

A test was conducted to determine the 
fumigating effect of several insecticides on 
boll weevils developing inside cotton 
squares. Twenty-five punctured cotton 
squares were placed in the upper part of 
the direct fumigation chamber previously 
described. After 12 hours’ exposure to the 
insecticides, the squares were removed 
and placed in screen-wire emergence trays 
and the emergence was recorded over a 
period of 3 weeks. 

RESULTS WITH THE Bott WEEVIL.— 
Rainwater (1947) and Gaines & Scales 
(1948) have shown that boll weevils de- 
veloping inside punctured squares are 
killed by the application of certain insecti- 
cides to cotton. It was thought that the 
fumigating effect might contribute greatly 
to this mortality observed in the field. 

Fumigating effect on weevils developing 
inside cotton squares.—In tests on the 
fumigating effect of the various insecti- 
cides a dosage of 220 mg. of BHC and 400 
mg. of the other insecticides were used 
per liter. Four replicates of 25 squares 
xach were used with each treatment. 
These insecticides caused the following 
mortalities: 


Per 

Cent 
Dieldrin. . $1 
CS-645A... 36 
CS-674A... 60 
DDT.. 13 


Per 

Cent 
BG ...:. 31 
Toxaphene 17 
Chlordane 59 
Aldrin 
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Aldrin and dieldrin showed a high de- 
gree of toxicity to boll weevils developing 
inside cotton squares due entirely to their 
fumigating effect. Chlordane and CS-674A 
were highly toxic, whereas CS-645A and 
BHC were only slightly toxic. The fumi- 
gating effect of toxaphene and DDT was 
of doubtful significance. 

ResuLTts WITH THE CoTTon LeEaArF- 
worM.—Tests to determine the total, 
contact, direct, and indirect fumigating 
effects of several insecticides were con- 
ducted with the cotton leafworm. 

Contact effect—The results of tests to 
determine the contact effect of several 
insecticides on cotton leafworm larvae 
are shown in table 1. Three replicates 
were used with each treatment. 

All the insecticides tested killed some 
of the larvae entirely by contact effect. 
In no instance, however, was the per cent 
mortality high enough to approach prac- 
tical control at the dosages tested. 


Table 1.—Contact effect of several insecticides 
on cotton leafworm larvae. 
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72 
43 
2 44 
Dieldrin 3 32: 59 
62 

. 62: 111 53 

CS-645A , 64 22 
65 45 

60 

CS-674A 912 74 31 
56 

5! 40 

0625 67 15 
125 69 19 
.25 112 54 


Aldrin 


Sr 


_ 
_ 
—_ 


Parathion 





Direct fumigating effect—Two series of 
tests were conducted to determine the 
direct fumigating effect of several in- 
secticides on cotton leafworm larvae and 
the effect of temperature on fumigating 
action. The first series, consisting of 2 
replicates and approximately 40 larvae 
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per treatment, was conducted at a con- 
stant temperature of 90° F. The second 
series, consisting of 5 replicates and ap- 
proximately 100 larvae per treatment, was 
conducted at a constant temperature of 
70° F. The dosage for all the insecticides 
was 400 milligrams per liter. Results of 
these tests are shown in table 2. 

Toxaphene and parathion had little or 
no fumigating effect on the cotton leaf- 
worm at the observed temperatures. How- 
ever, temperature is an important factor 
in the fumigating effect of the other in- 
secticides. At the higher temperature of 
90° F. considerable fumigating effect was 
obtained with all the compounds except 
toxaphene and parathion. 

Indirect fumigating effect—A test with 
4 replicates and approximately 100 larvae 
per treatment was conducted to determine 
the total effect from cotton leafworm 
larvae feeding on plants that had _ pre- 
viously been fumigated. All the insecti- 
cides were tested at a dosage of 400 mg. 
per liter. The results of this test are 
shown in table 2. 

Plants subjected to the vapors of 
certain of these insecticides either ab- 
sorbed enough of the toxicant or enough 
of it condensed on the plant surface to 
‘ause a high mortality of cotton leafworm 
larvae. This action might be due to con- 
tact, stomach, or fumigating effect, or a 
combination of these effects. 

Another test was conducted to deter- 
mine whether plants that had been 
fumigated could subsequently — release 
fumes in sufficient quantity to be toxic 
to cotton leafworm larvae. Aldrin, the 


Table 2.—Direct and indirect fumigating ef- 
fects of several insecticides on cotton leafworm 
larvae. 








Direct 
Per Cent Mortality INDIRECT 
at — ee 
- — Per Cent 
Mortality 
(100 
Larvae) 


70° F. 90° F. 
(100 (40 
INSECTICIDE __., Larvae) Larvae) 
BHC 15 80 
Toxaphene 6 20 
Chlordane 18 5f 11 
Aldrin 82 
Dieldrin 14 5 49 
CS-645A 1 2 25 
CS-674A 9 56 7 
Parathion 9 93 
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only insecticide in this test, was used at 
a dosage of 400 mg. per liter of fumigated 
space. After the plants had been fumi- 
vated and allowed to air out, cotton leaf- 
worm larvae were then confined inside 
small plastic-screen cages, and the con- 
fined insects and the treated plants were 
then enclosed in a clean fumigation 
chamber. After 12 hours’ exposure, the 
larvae were allowed to feed on untreated 
plants and mortalities were recorded over 
a 5-day period. Four replicates of this test 
using 100 larvae were conducted at a 
temperature of 70° F. The mortality re- 
sulting from fumes given off entirely by 
previously fumigated plants was 18 per 
cent compared with the 19 per cent when 
the larvae were exposed directly to the 
vapors of the insecticides at comparable 
temperatures. 

Effect of exposure time on toxicity re- 
sulting from the fumigation of plants.— 
In order to determine the effect of ex- 
posure time on toxicity resulting from 
fumigation, plants were fumigated for 12 
and for 24 hours with aldrin at a con- 
centration of 400 mg. per liter of fumi- 
gated space. Four replicates for each 
exposure period were conducted. Of 109 
cotton leafworm larvae confined to plants 
exposed for 12 hours and of 108 larvae 
confined to plants exposed for 24 hours 
the mortality of both was 82 per cent. 

Translocation of insecticides through 
vapor absorption by cotton plants.—The 
fumigation tests previously described 
indicated that fumigated plants were 
toxic to cotton leafworm larvae. It was 
not known, however, whether this toxic 
action was caused by absorption of the 
vapors or by the condensation of the 
vapors on the plant surfaces. It was 
thought that if the plant actually ab- 
sorbed the vapors into its vascular system, 
these vapors might be translocated to 
other parts of the plant. Therefore, a test 
was conducted whereby only the lower 
half of the plant was fumigated with 
aldrin at the rate of 400 mg. per liter for 
12 hours. Cotton leafworm larvae were 
then exposed on the upper half, or un- 
treated portion of the plant, immediately 
and 5 days after treatment. Two repli- 
cates of this treatment were conducted. 
When 59 larvae were placed on the un- 
treated portion immediately, the mor- 
tality was 1.1 per cent; when 54 larvae 
were placed on the untreated portion 


PER CENT MORTALITY 





en 








POUNDS PER ACRE OF ACTIVE INGREDIENT 


Fig. 1.—Dosage-mortality lines showing total effect 
of eight insecticides on cotton leafworm larvae. 


after a 5-day delay, the mortality was 2.4 
per cent. These results indicate that 
through fumigation the toxicant is not 
absorbed into the plant system and trans- 
located to other parts of the plant. The 
toxic action resulting from the fumigation 
of plants may therefore be due largely to 
condensation of the vapors on the plant 
surfaces. On the other hand, these in- 
secticides might be localized in the plant’s 
cells without being translocated. 

Total effect—The total effect of eight 
insecticides on cotton leafworm larvae was 
determined. Five concentrations of each 
insecticide were tested, and approximately 
60 larvae were used at each concentration. 
The test was replicated three times. The 
dosage-mortality relationships calculated 
from these data are shown in figure 1 and 
table 3. 

These data indicate that the stomach 
effect of these eight insecticides on cotton 
leafworm larvae is an important factor in 
the toxicity of these materials. Contact 
effect contributes appreciably to the total 
effect with each insecticide. Fumigating 
effect may also contribute slightly to the 
total effect produced by all of the insecti- 
cides tested except toxaphene and para- 
thion. 

Table 3.—Total effect of several insecticides 


on cotton leafworm larvae as determined by cal- 
culation of the dosage-mortality lines. 








PounpDs PER ACRE 

REQUIRED TO GIVE 

REGRESSION INDICATED MorTALity 
CoEFFI- 

CIENT 50% 

2.848 0.013 

.270 O49 . 180 

.885 195 .932 

781 .044 .231 

. 264 O13 .050 

.586 

.095 

.008 


INSECTICIDE 90% 


0.035 


BHC, gamma 
Toxaphene 
Chlordane 
Aldrin 
Dieldrin 
CS-645A .881 211] 


.016 
004 


CS-674A 
Parathion 


.680 
.873 
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Table 4.—Direct and indirect fumigating ef- 
fects of several insecticides on bollworm larvae. 








DrrEctT 


INDIRECT 
Per Cent Mortality Per Cent 
Due to Mortality 
Due to 
400 Mg. 
per Liter 


400 Mg. 200 Mg. 
InsecticipE ~ per Liter _ per Liter 





DDT 0 
Toxaphene 0 
Dieldrin 100 
CS-645A 0 
BHC, gamma 23} 





1220 mg. per liter. 
2110 mg. per liter. 


RESULTS WITH THE BOLLWoRM.—Tests 
to determine the direct and _ indirect 
fumigating, contact, and stomach effects 
of several insecticides were conducted 
with the bollworm. 

Direct and indirect fumigating effects. — 
Three series of tests were conducted to 
determine these fumigating effects. Ap- 
proximately 25 bollworm larvae were used 
with each treatment. The results of these 
tests are shown in table 4. 

Dieldrin was the only insecticide tested 
that had a significant effect due to either 
indirect or direct fumigation. 

In an additional test to determine the 
dosage-mortality relationship due to di- 
rect fumigation, dieldrin was used at 
dosages of 400, 200, and 100 mg. per liter. 
Two replicates were conducted. The 
respective mortalities were 93, 54, and 33 
per cent. 

Contact effect.—Three concentrations of 
each of five insecticides were employed in 
determining the contact effect of the 
materials on boll-worm larvae. The test 
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Fig. 2.—Dosage-mortality lines showing contact ef- 
fect of five insecticides on bollworm larvae. 
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was replicated five times. Each insecticide 
was tested with approximately 150 larvae. 
The results are shown in figure 2 and 
table 5. 

Dieldrin gave the highest mortality of 
bollworms due entirely to contact effect. 
The contact effect of DDT and toxaphene 
was also significant. 


Table 5.—Contact effect of several insecticides 
on bollworm larvae as determined by calculation 
of the dosage-mortality lines. 








PouNDS PER ACRE 
REQUIRED TO GIVE 
ReGrREssion InpicaTED Mortat.irty 
CoEFFI- — - 
CIENT 50% 





INSECTICIDE 


DDT 
Toxaphene 
Dieldrin 
CS-645A 
BHC, gamma 





0.28 
0.64 
0.13 
1.19 
0.66 


2.295 
2.337 
2.694 
2.662 
2.145 





Another test was conducted to deter- 
mine the speed of contact effect of these 
five insecticides on bollworm larvae. Five 
larvae were confined without food in a 
dusted petri dish, and mortality records 
were made after 6 and 24 hours. Each 
treatment was replicated three times. 
The results of this test are shown in 
table 6. 

DDT and toxaphene were slower than 
the other insecticides in contact effect on 
bollworm larvae, but within 24 hours all 
the insecticides except CS-645A had 
killed 100 per cent of the larvae. 


Table 6.—Speed of contact effect of several in- 
secticides on bollworm larvae. 








Per Cent Mortauity 
AFTER— 


24 Hours 


INSECTICIDE 6 Hours 





DDT 10% 0 100 
Toxaphene 20% 13 100 
Dieldrin 5% 33 100 
CS-645A 5% 60 93 
BHC, gamma.6% 60 100 





Effect as stomach poisons.—The test to 
determine the effect of five insecticides as 
stomach poisons on bollworm larvae was 
replicated three times. Each insecticide 
was tested with 15 larvae. These insecti- 
cides caused the following mortalities: 
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Dieldrin 5%. . . 

Toxaphene 20%......... 

BHC, gamma 3%..... 

BN Ws cs cada 

CS-645A 5% 

Toxaphene and dieldrin were highly 
effective as stomach poisons to the boll- 
worm, BHC and DDT were somewhat 
less effective, and CS-645A was 
ineffective. 

RESULTS WITH A STINK Buc.—Tests to 
determine the direct fumigating, indirect 
fumigating, and contact effects of several 
insecticides were conducted with a species 
of stink bug. These tests were not 
replicated. Ten adult stink bugs were 
used with each treatment in determining 
the direct and indirect fumigating effects, 
and 15 adults in determining the contact 
effect. The results of these tests are shown 
in table 7. 

CS-674A was the only insecticide that 
caused a high mortality of this stink bug 
due to direct fumigation. None of the 
insecticides caused any indirect fumi- 
gating effects. Parathion and BHC were 
highly effective as contact poisons, fol- 
lowed closely by dieldrin and chlordane. 
Toxaphene and aldrin were also signi- 
ficantly effective, while the effects of 
DDT and CS-674A were of doubtful 
significance. CS-645A and sabadilla were 
ineffective. 


Table 7.—Direct fumigating and contact effects 
of several insecticides on a species of stink bug. 








Direct Fumicatine 
E¥rrect 

Milli- 

grams Per Cent 


per Mor- 
Liter tality 


Contact EFrrect 


Per Cent 
Mor- 
tality 


Per Cent 
Concen- 
INSECTICIDE tration 


BHC, gamma 120 6 100 
loxaphene 400 0 20 62 
Chlordane 200 10 85 
Aldrin 100 3s 5 

Dieldrin 100 

CS-645A 100 

CS-674A 100 

Parathion 20 

DDT 200 

Sabadilla 400 





RESULTS WITH THE CoTTon FLEA- 
HOPPER.—Tests to determine the direct 
and indirect fumigating effects of several 
insecticides were also conducted with 
adult cotton fleahoppers. These tests were 
replicated four times, and approximately 
75 fleahoppers were used with each treat- 
ment. The results are shown in table 8. 
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Aldrin, dieldrin, and BHC caused high 
mortalities of cotton fleahoppers due to 
both direct and indirect fumigating 
effects. The other six insecticides were 
comparatively low in direct fumigating 
effect, and all but chlordane and parathion 
were comparatively low in indirect fumi- 
gating effect. 


Table 8.—Direct and indirect fumigating ef- 
fects of several insecticides on the cotton flea- 


hopper. 








INDIRECT 


Milli- 
grams 


per 
Liter 


Direct 
Milli- 
grams 


per 
Liter 





Per Cent 
Mor- 
tality 


Per Cent 
Mor- 


INSECTICIDE tality 





Aldrin 
Dieldrin 

BHC, gamma 
Chlordane 
Parathion 
DDT 


Toxaphene 
CS-645A 
Sulfur 





SumMaAry.—Laboratory experiments 
were conducted at College Station, Texas, 
during 1949 and 1950 to determine the 
manner in which several insecticides 
penetrate the bodies of certain cotton 
insects. This study included the boll 
weevil, Anthonomous grandis Boh., the 
cotton leafworm, Alabama _argillacea 
(Hbn.); the bollworm, Heliothis armigera 
(Hbn.); the cotton fleahopper, Psallus 
seriatus (Reut.); and a stink bug Hymen- 
arcys nervosa Say. 

Several insecticides presently recom- 
mended for cotton-insect control were 
studied, as well as some promising new 
insecticides. BHC, aldrin, dieldrin, chlor- 
dane, CS-674A, and CS-645A_ killed 
chewing insects by a combination of 
stomach, contact, and fumigating effects. 
DDT, toxaphene and parathion killed 
only by a combination of stomach and 
contact effects. The sucking insects were 
killed either by a combination of contact 
and fumigating effects, or by contact 
effect only. Some insecticides were prin- 
cipally stomach poisons, while others 
were principally contact poisons. In each 
instance, however, the type of effect 
produced by the insecticides depended to 
a large extent upon the species of insect 
to be controlled. Both the properties of 
the insecticide and the species of insect 
determined the manner in which the 
chemicals entered the insect’s body. There 
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appeared to be no correlation among the 
types of effect produced by the insecti- 
cides. For example, an insecticide having 
contact effect did not always have fumi- 
gating effect. 

Furthermore, dieldrin and parathion 
were so highly effective as contact poisons 
that certain chewing insects were killed 
before they could feed. However, these 
insects were also killed if allowed to feed 
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on treated food without actually being in 
contact with the insecticides. At the 
minimum dosages of insecticides that are 
recommended for cotton-insect control, 
most insecticides killed the chewing in- 
sects by a combination of stomach and 
contact action. However, as the dosages 
were increased more advantage was taken 
of the contact effect of the insecticides and 
feeding by the insects was lessened. 
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Chemical Control of Cheese Mites! 


Rosert J. Dicker, Kertu D. Inve, and Water V. Price, University of Wisconsin, Madison 


Mites are becoming an increasingly im- 
portant pest problem of the cheese indus- 
try. Infestations may result in extensive 
damage to curing and stored produce and 
constitute a filth contamination of foods 
intended for human consumption. Effec- 
tive control of mites can be accomplished 
by fumigation with methyl bromide. The 
use of this gas, however, presents certain 
problems which make its use by small 
operators sometimes impractical. The 
purpose of this study has been to develop 
effective chemical control procedures 
which may be more feasible than fumiga- 
tion for small scale operation, or for elimi- 
nation of localized infestations and the 
prevention of a progressive mite con- 
tamination. 

MarertAts.—The proprietary miticidal 
or fungicidal compounds employed in this 
study were: 

. sodium o-phenylphenate (Dowicide A)? 

2. dinitro-sec-butylphenol, triethanolamine salt 

(DN-289)? 

3. di(p-chlorophenyl)methylearbinol (Dimite)® 

4. p-chlorophenyl! p-chlorobenzenesulfonate (Ovo- 

tran Wettable)? 

5. p-chloropheny] pheny] sulfone (Sulphenone)‘* 


6. 2,2-bis-(p-butoxyphenyl)propane (B.P. Miti 

cide)* 

7. sodium salt of dehydroacetic acid (DHA-S)? 
Sodium o-phenylphenate and dehydro- 
acetic acid have been used commercially 
as fungicides, while the remainder of the 
compounds have been employed as agro- 
nomic miticides. Glycerine, a pharma- 
ceutical grade of mineral oil,® and a refined 
grade of cotton seed oil marketed as a food 
product (Wesson Oil’) were employed as 
miticidal washes or dips for infested 
cheese blocks. 

Meruops.—-T'wo species’ of mites, 
Acarus siro L. and Tyrophagus castellanii 
Hirst, were used in all of the control stud- 
ies. These species were selected because 
they were most commonly encountered in 
cheese infestations throughout the Wis- 
consin cheese-producing area. Stock cul- 

Parp Paper. . , . 

1 Approved by the Director of the Wisconsin Agricultural Ex- 

priment Station. These studies were aided by a grant from the 
Seitaeation Research Council. 

2 Dow Chemical Company. 

3 E. I. DuPont de Nemours Company. 

4 Stauffer Chemical Company. 

5 Sherwin Williams Company. 

6 Socony-Vacuum White Oil No. 332; specific gravity 0.88 and 


viscosity 20. , 
7 Wesson Oil and Snowdrift Company. 
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tures were maintained on blocks of 
cheddar cheese, and both treated and 
untreated cultures were stored at an opti- 
mum temperature of 55° F. and relative 
humidity of 100 per cent. Where tests 
were made directly on cheese, blocks of 
mild cheddar cheese were cut into two 
inch cubes and waxed. The wax on the 
upper surface was scarified with a sharp 
needle and the coating loosened at the 
margins of the scarifications. A mite 
colony in all stages of development was 
then transferred to the broken surface and 
permitted to establish itself for two weeks 
at optimum conditions of temperature 
and humidity before testing. Mites were 
exposed on unprotected surfaces and in- 
fested cheese blocks by spraying or by 
immersion in miticide solutions. Oils and 
glycerine were tested by wiping or brush- 
ing the materials on infested cheese or by 
immersion. Mortality counts on active 
mites were taken 24 hours after applica- 
tion. Eggs and resting forms were placed 
in observation trays stored in tempera- 
ture-humidity chambers and observed for 
subsequent effects. All tests were repli- 
cated at least five times. 

A DeVilbis atomizer operated at a pres- 
sure of 15 pounds per square inch was 
used for spray application. A plywood 
mask with an opening four inches square 
served to restrict the spray to a definite 
area on cheese or treated papers. All 
sprays were applied at the rate of one 
gallon per thousand square feet. Sprays 
were applied directly to mites in all stages 
of development on cheese or unprotected 
surfaces. For residual studies, previously 
sprayed rough surfaced or corrugated 
paper discs were placed in petri dishes 
rimmed with Tanglefoot. A clean block 
of cheese was placed in the center of the 
treated area to serve as a means of at- 
traction. Mites were placed in the dish 
outside of the treated paper disc, and 
were forced to cross over the deposit of 
miticide in order to attain the cheese 
block. Counts were made of live mites on 
the cheese block indicating no control, 
dead mites in the treated area, and mites 
remaining outside the treated area indi- 
cating repellence. A similar procedure was 
used for testing the residual effect of miti- 
cides on dipped or sprayed cheese blocks. 
Dipping applications were made by im- 
mersing infested cheese blocks in a vat of 
miticide held at a temperature of 122° F. 
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for a period of 10 seconds, and examined 
24 hours later for mortality. Gelatin, of 
approximately 30 Bloom, was added to 
water solutions at the rate of 0.5 per cent 
to reduce surface tension and facilitate 
penetration into deep crevices. Oil vats 
were filled 2/3 with water, allowing a two 
inch surface layer of oil. These materials 
were also applied to infested blocks by 
means of a moist rag or brush. Laboratory 
tests were augmented by field dipping 
trials with cheddar cheeses ranging in 
weight from 25 to 60 pounds and heavily 
infested with Acarus siro L., Tyrophagus 
castellanii Hirst, Glycyphagus domesticus 
deGeer and Eberhardia pedispinifer Nes- 
bitt. 

The effect of miticides on cheese qual- 
ity was determined by a professional dairy 
products judging and grading panel.® For 
the quality tests, both waxed and un- 
waxed blocks of cheese were dipped in 
miticides and held in storage at 42° F. 
A portion of the treated blocks were 
wrapped in cellophane, while the re- 
mainder were processed the day following 
treatment. Tests were made by an adop- 
tion of the triangular selection method 
proposed by Bengtsson and Helm (1946). 
Cheese samples were tested in sets of three: 
one treated cheese block and two un- 
treated cheese blocks. The judges were 
required to match the untreated samples, 
and grade for relative flavor, appearance 
and odor. Panel tests were made 2 days 
following treatment. Residues of sodium 
o-phenylphenate on treated waxed and 
unwaxed cheese blocks were analyzed by 
a commercial laboratory.’ Analyses for 
surface residues were made 5 months after 
treatment by the following procedure: 
Five gram portions of wax or surface lay- 
ers of cheese from unwaxed blocks were 
placed in a steam distillation apparatus 
with water acidified with phosphoric acid. 

Steam distillation was allowed to proceed 
until two liters of distillate were recovered. 
The distillate was acidified with hydro- 
chloric acid and extracted ten times with 
ten ml. portions of 60-70 Skelly Solve. 
The combined aliquots of Skelly Solve 
extracts were then extracted with one 
normal sodium hydroxide and the alkaline 
solution analyzed for o-phenylphenol con- 


8 The authors acknow — the assistance of staff members of 
n 


the Department of Dairy ane yn | and Foods, University of 
Wisconsin, for determinations of cheese quality, and the Dow 
Chemical Co., for analyses of sodium o-phenylphenate residues, 
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tent by the amino-antipyrine method. 
Recovery by this procedure was approxi- 
mately 85 per cent when the concentra- 
tion of o-phenylphenol was in the range 
of 0.2 ppm. 

The fungicidal effect of sodium o-phen- 
ylphenate was determined by dipping 
waxed and unwaxed cheese blocks in 
water solutions and comparing the degree 
of mold growth on untreated cheese blocks 
dipped in water only. All test blocks were 
stored for observation at 55° F. and 100 
per cent relative humidity. Mold colonies 
became established only on the edges of 
waxed blocks. The degree of mold 
growth was determined according to the 
following arbitrary categories: 

Very light mold—up to one completely molded 

edge 

Light mold—up to three completely molded 

edges 

Heavy mold—four to eight molded edges 

Very heavy mold—nine to twelve molded edges 


Resutts.—Proprietory Miticides and 
Fungicides.—-The results of direct spray 
application of miticides and fungicides on 
the active stages of two species of cheese 
mites are summarized in table 1. All of the 
miticides were used considerably in excess 
of recommended rates for agronomic crops. 
The dinitro compound, used at twice the 
maximum recommended dosage for the 
European red mite, was the only effective 
miticide giving complete control of active 
forms with direct application and 98 per 
cent control of eggs and resting forms. 
Residual kill of active forms was below 
50 per cent 3 days after application. 
Further work with this compound was 
discontinued because of the undesirable 
bright yellow color imparted to cheese 
products following spray application. 

Of the fungicides tested, the sodium 
salt of dehydroacetic acid was ineffective 
as a miticide. Excellent control upon di- 
rect spray application was obtained for 
sodium o-phenylphenate as an 0.25 per 
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cent water solution, and further studies 
were made of this product. 

Sodium o-phenylphenate.—Although an 
0.25 per cent concentration of sodium 
o-phenylphenate was effective for active 
stages of mites, a much higher concentra- 
tion was required for eggs and resting 
forms. A 4 per cent water solution gave 
mortalities of 98.4 per cent for eggs and 
100 per cent for resting forms. Results of 
these tests are summarized in table 2. 


Table 2.—Direct spray application of sodium 
o-phenylphenate on eggs and resting forms. 








NUMBER 
or REsTING 

Per Cent Forms Per Centr 
Mortauity Treated Mortatiry 

31.1 100 50 

79.1 100 

84.4 100 

98.4 200 

18.6 200 


Per Cent NuMBER 
Concen- oF Eaas 
TRATION TREATED 


Controls 





Spray applications to infested waxed 
cheese blocks at the 4 per cent level were 
ineffective. All surface mites were killed, 
but a mortality was obtained of only 17 
per cent of mites in crevices one inch deep 
or more, and 16 per cent for mites under 
wax. 


Dipping similarly infested waxed cheese 
blocks for 10 seconds in a sodium o-phen- 
ylphenate solution conditioned with 0.5 
per cent gelatin was more effective than 
spraying. Excellent penetration into crev- 
ices and under the wax covering was ob- 
tained as summarized in table 3 (average 


of 17 replications). Mortality of active 
mites was not appreciably greater at the 
4 per cent concentration than at the 1 per 
cent level. A 4 per cent solution was re- 
quired, however, for effective control of 
eggs and resting stages. Twelve cheddar 
cheeses (ranging in size from 25 to 60 
pounds) were dipped in a vat of 4 per cent 
solution for 10 seconds. Upon examination 
24 hours after treatment only 12 live mites 
were found on the entire lot. After 90 


Table 1.—Direct spray application of miticidal and fungicidal compounds on cheese mites. 








MITICcIDE 


sodium o-phenylphenate (Dowicide A) 


dinitro-sec-butylphenol, triethanolamine salt (DN-289) 


di (p-cblorophenyl) methylcarbinol (Dimite) 


p-chloropheny] p-chlorobenzene-sulfonate (Ovotran Wettable) 


p-chloropheny] pheny] sulfone (Sulphenone) 


2,2-bis-(p-butoxyphenyl) propane (B.P. Miticide) 


sodium salt of dehydroacetic acid (DHA-S) 


Per Cent Per Cent 
CONCENTRATION MortTatity 


0.25 
0.45 
0.25 
2.50 
0.625 
7.50 
10.00 
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Table 3.—Dipping application of sodium 
o-phenylphenate on infested cheese blocks. 








Per Cent Mortauity 


Per CENT 
CONCENTRA- 
TION 


Resting 
Forms 


Active 
Mites 
1 92. 68. 
Q 93. 85. 
3 92. 90. 
4 5. 100. 
Controls .6 6.4 





days following treatment, only three 
small colonies of mites were observed. 
Two of these cheeses prior to dipping were 
heavily infested with mites in deep crev- 
ices. All mites were killed following dip- 
ping of infested cheese boxes from this lot. 

Mites placed on waxed cheese surfaces 
treated 24 hours previously with 4 per 
cent sodium o-phenylphenate solution 
were all killed. Subsequent exposures re- 
sulted in 82.3 per cent mortality after 7 
days, 54.5 per cent after 12 days, and 
35.1 per cent after 14 days. The residual 
effect of a 4 per cent solution varied con- 


siderably with the physical characteristics _ 


of the surface to which it was applied as 
summarized in table 4. Effective residual 
protection was not obtained on wood sur- 
faces appreciably beyond 2 days even 
when the concentration was increased to 
8 per cent. On porous paper, effective re- 
sidual protection was obtained for about 
20 days. Dusts compounded with Pyrax 
diluent and applied at 3 pounds per 1000 
square feet were more effective than 
sprays in repelling mites on smooth sur- 
faces. A 5 per cent dust protected cheese 
for from 8 to 15 days, and a 10 per cent 


Table 4.—Residual effect of sodium o-phenyl- 
phenate solution applied to surfaces with vary- 
ing conditions of porosity. 








MITEs 
REPELLED 
(OuTsIDE 
TREATED 
AREA) 


MITES 
DEAD IN 
TREATED 


MIrTEs 
AGE OF ALIVE 
ReEsIDUE ON 
in Days CHEESE 


SURFACE 
[REATED 


Enameled wood 2 0 ‘ 174 
6 84+ 23 
Dull finished 2 0 163 
wood 6 55 
2 0 
6 20 


\npainted wood 


Blotting paper 2 0 
10 0 

20 0 

18 
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dust from 15 to 19 days. Pyrax alone was 
ineffective 1 day after application. 

The effect of 4 per cent sodium o-phen- 
ylphenate solution on inhibition of mold 
growth is summarized in table 5. Applica- 
tions to waxed cheese resulted in protec- 
tion compared with the check for 5.5 days 
at 55° F. and 16 days at 42° F. Treating 
cheese before waxing resulted in complete 
protection for 28.5 days at 55° F. and 40 
days at 42° F. Field studies demonstrated 
that on ten heavily molded cheeses, all 
mold growth was effectively killed within 
24 hours following immersion in 4 per cent 
sodium o-phenylphenate water solution. 

Mineral Oil.—Wiping oil on ten lightly 
infested blocks with a saturated cloth re- 
sulted in 100 per cent mortality after 3 
days for eight blocks and 91 and 96 per 
cent for the remainder. Check blocks 
wiped with water resulted in only 4.3 per 
cent mortality. Wiping was not effective 
on the more heavily infested cheese blocks 
in which a large proportion of the mite 
colony was up to one inch below the sur- 
face or under wax at least 0.5 inch from 
abraded edges. Mortality ranged from 48 
to 100 per cent. Applications with a paint 
brush were comparable in effect to wiping. 

Dipping heavily infested blocks in a 
mineral oil bath for 10 seconds resulted 
in effective control. Of 12 blocks tested, 
six resulted in 100 per cent mortality, 
and none were below 92 per cent. Egg 
mortality upon exposure to mineral oil 
averaged 78 per cent, compared to 3.7 per 
cent mortality in the checks. All resting 
forms were killed upon contact. 

Cotton Seed Oil—Mite control with 
cotton seed oil was comparable to results 
obtained for mineral oil. Wiping ten 
lightly infested cheese blocks with a sat- 
urated cloth resulted in 89 per cent mor- 
tality on one block and 100 per cent mor- 


Table 5.—Protection of cheese from mold fol- 
lowing application of 4 per cent sodium o-phenyl- 
phenate. 








APPEARANCE IN Days oF Mo_p GrowrtH 


Very Very 

Light Light Heavy Heavy 

Mold Mold Mold Mold 
Temperature 55° F. 

Waxed control 6 6.5 7 10.5 

After waxing 11.5 13 17 23 

Before waxing 34.5 36 44 


Temperature 42° F. 
15 21 


First 
Treatment Colony 





Waxed control 13 
After waxing 29 38 48 
Before waxing 53 58 69 
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tality on the remainder. Brushing oil on 
heavily infested blocks was more effective 
than wiping giving an average of 91 per 
cent control on ten blocks, on four of 
which there was 100 per cent mortality. 
Good control on heavily infested blocks, 
an average mortality of 95 per cent was 
obtained, with seven of the blocks having 
100 per cent mortality. Maximum mor- 
tality in these tests was not obtained until 
2 to 4 days after treatment. Mortality of 
eggs dipped in cotton seed oil averaged 
84 per cent. All resting stages were killed 
upon contact with the oil. 

In a large scale experiment, 31 moder- 
ate to heavily infested cheddar cheeses 
(varying in weight from 25 to 60 pounds) 
were dipped for 10 seconds in a cotton 
seed oil vat. Twenty-four hours after 
treatment live mites were found on only 
six cheeses; after 3 days, a total of 38 
mites were found on three cheeses only. 
After 15 days following treatment, all 
mites were dead on all of the cheeses 
treated. 

Glycerine.—Undiluted glycerine was an 
effective miticide when applied on lightly 
infested cheese blocks. Wiping was inef- 
fective with an average mortality of only 
49 per cent, while brushing 10 blocks re- 
sulted in 85 and 89 per cent mortality on 
two blocks, and 100 per cent mortality on 
the remainder. Dipping of ten lightly in- 
fested blocks resulted in 91 per cent mor- 
tality on one block and complete control 
on the remainder. Heavily infested blocks 
were more difficult to control. An average 
mortality of 95 per cent was obtained on 
ten heavily infested blocks when dipped 
for 10 seconds. Brush application resulted 
in an average mortality of 89 per cent. 
Of 300 eggs dipped in glycerine, mortality 
resulted in 84 per cent. Dilutions of glyc- 
erine with water were relatively ineffec- 
tive. 

Discussion.—Since sodium o-phenyl- 
phenate is an_ effective antimicrobial 
agent, it has been used commercially in 
the treatment of citrus fruit to prevent 
mold and in a fungistatic wax for coating 
vegetables. The work of Hodge, et al. 
(1952) on the toxicology of sodium o-phen- 
ylphenate has demonstrated a low or- 
der of acute oral toxicity for this com- 
pound. The LDs5» for adult male rats was 
found to be 2.7 gm./kgm. Male and female 
rats that were maintained for two yeais 
on diets containing 0.02 and 0.2 per cent 
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(200 and 2000 ppm.) sodium o-pheny]- 
phenate showed no adverse physiological 
effects. Dogs tolerated as much as 0.5 
gram per kilogram per day for a year 
with no adverse effects. Surface residues 
5 months after treatment were 48.5 and 
17.0 p.p.m. on unwaxed cheese, and 120 
and 225 p.p.m. an waxed cheese. Patch 
tests demonstrated that at the 5 and 1 
per cent levels an aqueous solution of the 
sodium salt of o-phenylphenol was signif- 
icantly irritating to human_ subjects. 
Rubber gloves were required by workers 
engaged in the cheese mite studies to pre- 
vent skin irritation during extensive dip- 
ping operations. 

The effect of sodium o-phenylphenate 
on cheese quality was determined by a 
professional judging panel. Results of tests 
with both processed and natural cheddar 
cheese are summarized in table 6. All of 
the judges successfully paired the un- 
treated blocks where the treated unwaxed 
sample was dipped in sodium o-phenyl- 
phenate before processing. One judge in 
this series, however, indicated that the 
treated sample was superior in quality to 
the untreated checks. For all other sam- 
ples, selections by the panel indicated a 
no more unusual effect on quality than 
would be expected from chance selection 
alone. These studies indicate that within 
the limits of these experiments, the use 
of sodium o-phenylphenate on cheese 
would have no adverse effect on cheese 
quality, or be deleterious to the health of 
the consumer. The combined effect of this 
chemical as a miticide and fungicide in- 
creases its control application for the 
cheese industry. 

Cotton seed oil, mineral oil and glycer- 
ine appear to be effective miticides for 
application to cheese which are non- 
poisonous to the consumer and non-toxic 
to the operator. Oily residues on cheese 
may be undesirable, however, and would 
probably necessitate removal before mov- 
ing into trade channels. 

SUMMARY AND CoNncLuUsIONS.—A._ se- 
lected series of proprietary miticides and 
fungicides, mineral and vegetable oils and 
glycerine were tested to determine their 
efficacy in controlling cheese mites. Of the 
proprietary compounds tested, an aqueous 
solution of the sodium salt of o-phenyl- 
phenol was the only effective product 
adaptable to the cheese industry. Sprays 
at a concentration of 0.25 per cent were 
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Table 6.—Quality panel tests on cheese treated by dipping in a water solution of 4 per cent sodium 





o-phenylphenate. 





A. Processed Cheese 


Pair M & D 


CHEESE 
BLock 
COVERING OF DesiGc- 
CHEESE BLock NATION ‘TREATMENT 
Unwaxed before treat- M Untreated 
ment and processing D Untreated 
i Treated 
Waxed before treat- Z Untreated Pair L& B 
ment and processing B Untreated 
L Treated 
Unwaxed before treat- J Untreated 
ment Untreated 
Treated 
Waxed before treat- Fk Untreated 
ment R Untreated 


U Treated 


JupGE W 


B. Unprocessed Cheese 


Pair X & H; J Pair J & H; X is 


is better 


Pair R & F; No difference 
(bitter) U has a 
nutty flavor 


JuDGE P 


JUDGE J 


Pair M & D 
emulsifier flavor; 
fatty acid flavor 


Pair M &D; T is 


better 


No difference; L 
is the poorest 


Pair L & Z 


Pair X & H: Jie 


better better 


Pair F & U; R is 


better 





effective in controlling active mites on 
cheese or container surfaces. An aqueous 
dip conditioned with an 0.5 per cent gela- 
tin spreader at a concentration of 4 per 
cent sodium o-phenylphenate was _ re- 
quired for effective control of eggs, resting 
forms and mites protected in crevices or 
under wax. Residual protection on treated 
cheese did not exceed 1 week, although 
tests indicated that 3 weeks protection 
was obtained on porous surfaces. Dusts 
were more effective in repelling mites than 
sprays on smooth wood surfaces. A 4 per 
cent dip with sodium o-phenylphenate 
protected waxed cheese from excessive 
mold growth for 2 weeks at 55° F. and 5 
weeks at 42° F. Dipping before waxing 


extended the period of protection to 5 
weeks at 55° F. and 2 months at 42° F. 
Residual surface deposits of sodium o- 
phenylphenate on treated cheese were not 
excessive in view of its low order of mam- 
malian toxicity, and little or no effect was 
observed on the quality of processed and 
natural cheese. 

Wiping lightly infested cheese blocks 
with mineral oil or cotton seed oil re- 
sulted in a practical degree of control. 
Dipping heavily infested blocks in mineral 
or cotton seed oil and glycerine for 10 sec- 
onds resulted in effective control. Egg 
mortality averaged 78 per cent for min- 
eral oil and 84 per cent for cotton seed oil 
and glycerine. 
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Residues of Malathon on Fruits and Vegetables" 


Wiiuram E. Westiake and Linuan I. Butter, U.S.D.A., Agr. Res. Adm. 
Bureau of Entomology and Plant Quarantine 


Malathon’ has shown promise for the 
control of many insects and mites and may 
be of great value to agriculture. This insec- 
ticide has the further advantage of 
comparatively low toxicity to warm- 
blooded animals. Extensive field tests 
were begun in 1951, but it was realized 
that a comprehensive study of residues 
and rates of weathering would be essential 
before this material could be recom- 
mended for use on food crops. Such a 
study was begun at Yakima, Washington, 
in 1951 and is still in progress. 

SamMPLING Metuops.—The methods of 
sampling varied with the crops on which 
the tests were made. A sample of fruits 
consisted of 50 fruits taken at random 
throughout each plot. A sample of leafy 
vegetables, such as spinach and broccoli 
consisted of about 1 pound collected at 
random in‘each plot. Two-pound samples 
of snap beans, cucumbers and green peas 
were used for analysis. Samples of pota- 
toes consisted of about 10 pounds and 
alfalfa samples weighed about 20 pounds 
when green. The alfalfa was dried before 
extraction and residues were calculated 
on a dry weight basis. The other crops 
were extracted as soon as possible after 
collection. Leaf samples consisted of 25 
dises punched from the same number of 
leaves collected at random over a single 
tree. Duplicate samples were analyzed in 
all cases except apple leaves, where four 
or five replicates were used. 

Meruop oF ANAzysis.—The method of 
analysis developed by the Stamford 
(Conn.) Research Laboratories of the 
American Cyanamid Company‘ was used 


without modification. Purified malathon 
was used as a reference standard. Recover- 
ies of malathon were checked for all crops 
studied by adding known amounts to un- 
treated samples. Recoveries ranged from 
80 to 104 per cent, which was considered 
satisfactory. 

ANALYTICAL Resutts.—The results of 
most of the analyses are shown in tables 
1 to 6. Residues of less than 0.1 part per 
million are recorded as a trace, since the 
method is not sufficiently sensitive for 
smaller amounts to be significant. The 
tables show the residues at various inter- 
vals after treatment. The first sample in 
each series was actually taken within an 
hour or two after spraying or dusting. 
Sprays were allowed to dry thoroughly 
before the samples were taken. 

Tables 1 and 2 show the residues found 
on Delicious and Jonathan apples at in- 
tervals following spraying. On both varie- 
ties nine-tenths or more of the deposit was 
lost during the first week and after 2 weeks 
only a trace remained on most of the 
fruits. Table 3 shows the same to be true 
for Bartlett pears. 

Residues on peaches, as shown in table 


1 Presented at the meeting of the Association of Economic 
Entomologists, at age ys egy Pa., December 15-18, 1952. 

‘he cooperation of the following agencies in furnishing 
samples for analysis is gratefully acknowledged: Tree Fruit, 
Western Washington, and Northwestern Washington Experi- 
ment Stations; Bureau of Entomology and Plant Quarantine 
laboratories at Yakima and Union Gap, Wash., and lan. 
Utah; and the BirdsEye Division of General Foods Corp., 
Hillsboro, Oregon. The American Cyanamid Company helped 
finance the analytical work through a grant and cooperative 
agreement. 

8 Notice of the substitution of malathion for malathon as a 
coined name “¥| this insecticide was received after this paper 
was in type. 

4 Determination of residues of insecticide 4049 on fruits, 
vegetables, etc. Issued in June 1951. 


Table 1.—Residues of malathon on Delicious apples, Wenatchee, Washington, 1951. 








Pants PER t Mitazon ON Inpic aTED Day AFTER TREATMENT 


OuNcEs OF TECHNICAL 
MALATHON PER 100 — _ 


GALLONS OF SPRAY 0 4 

U alntatiedl ‘dad Tr Tr 
Emulsible concentrate 

8 | 0.1 

20 8.1 .6 

Wettable powder 
‘ 8 6.6 3 
12 21.1 1.0 


Spray or on September F 


“uy 0 3 5 12 
0 0.4 0.2 0.1 0 
Tr 1.0 3 2 0 
3 S.7 | ey i 1.1 Tr 
Tr 1.6 6 4 Tr 
3 6.7 2.§ LT Tr 
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Table 2.—Residues of malathon on Jonathan apples, Wenatchee, Washington, 1951. 








Parts PER MILLION oN INDICATED Day Arrer TREATMENT 





OuNCES OF TECHNICAL 
MALATHON PER 100 in 





GALLONS OF SPRAY 0 7 
Untreated check 0 0 
Emulsible concentrate 

5 1.0 0.1 

10 $.1 4% 
Wettable powder 

5 7.4 alk 


Sprayed on July 23 








Sprayed on August 31 





14 0 + 6 10 
ie, di TR Sette 

Tr 0 (not sprayed) 

Tr 5.2 8 t 2 

Tr 1.8 1.3 9 2 





4, were somewhat higher initially and 
weathered more slowly than those on 
apples and pears. About one-fifth of the 
deposit remained after 7 days and about 
one-tenth was still present at the end of 
14 days. Residues were only a trace at 
harvesttime, however. 

Table 5 gives the residues found on 
apple leaves in two orchards sprayed ex- 
perimentally by Bureau workers. The rate 
of weathering of malathon on apple foliage 
was not greatly different from that found 
on the fruit. 

Residues found on several vegetables 
are shown in Table 6. There is a wide 
range in the amounts of insecticide ap- 
plied per acre and corresponding varia- 
tions in residues. As would be expected, 
also, the leafy crops, having a large sur- 
face area in proportion to weight, show 
heavy initial deposits. The heavy de- 
posits on spinach appear to decrease more 
rapidly than deposits on other crops. It is 
probable, however, that the residues per 
unit of surface area on spinach may not 
be much heavier than those on beans and 
cucumbers, and that the loss per unit area 
may not be much different for the crops 
studied. In all cases the residues de- 
creased very rapidly. 


Samples of green peas from the Yakima 
and Mt. Vernon areas in Washington 
were analyzed after treatment with mala- 
thon sprays and dusts. These peas were 
shelled by hand without being washed or 
any precautions being taken to avoid 
contact with the outer parts of the pods. 
The samples collected immediately after 
treatment sometimes contained a fraction 
of 1 part per million of malathon, but 
samples taken 3 or 4 days later had none. 

Samples of frozen broccoli from Ya- 
kima were found to contain no malathon 
even when the crop was cut the day after 
treatment. Unprocessed samples cut at 
the same time contained as much as four 
parts per million. The washing and 
blanching process that precedes freezing 
was probably responsible for the removal 
of any insecticide present at harvesttime. 

Frozen strawberries from Hillsboro, 
Oregon, were found to contain 0.2 part 
per million of malathon. These berries 
had been picked 3 days after treatment 
with malathon dust and were processed 
commercially. No malathon was found in 
canned pears, peaches, apples, and beans 
from the same experimental plots as the 
fresh samples. 

Samples of potatoes from the Yakima 


Table 3.—Residues of malathon on Bartlett pears, Wenatchee, Washington, 1951 and 1952. 








Parts PER MILLION ON INDICATED Day Arrer TREATMENT 


OuncEs or TECHNICAL 
MALATHON PER 100 
GALLONS OF SPRAY 0 7 
Untreated check 0 0 
Emulsible concentrate 

5 

10 

15 
Wettable powder 

5 





| © & 


or 
— 


8 


Sprayed July 23, 1951 





Sprayed July 22, 1952 


14 30 0 14 30 
0 0 0 0 0 
0 0 _ a wn 
Tr 0 — — — 
- ~ 1.6 Tr Tr 
Tr 0 — a. 
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Table 4.—Residues of malathon on Elberta peaches, Wenatchee, Washington. Sprayed July 18, 


1952. 
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Ounces or TECHNICAL 
MALATHON PER 100 


GALLONS OF SPRAY 0 7 
Untreated check Tr 0 
Emulsible concentrate 

5 6.0 2.8 

10 12.8 2.5 
Wettable powder 

10 18.8 4.6 


Parts PER MILuIon on [NpIcATED Day Arrer TREATMENT 


14 37 41 

0 nc leet earn 
1.2 — Tr (harvest) 
1:2 Tr (harvest) 

1.3 — Tr (harvest) 





Table 5.—Residues of malathon on apple leaves, Yakima, Washington, 1952. 8 ounces of technical 


malathon per 100 gallons of spray. 








MiIcROGRAMS PER SQUARE CENTIMETER OF LEAF SURFACE ON 


ORCHARD 0 1 
Winesap 2.5 1.8 
Delicious and Jonathan 2.8 = 


InpicaTEeD Day ArreR TREATMENT 


Gr | 


9 13 16 20 24 
1.0 0 oo 
9 2 -- Tr — 0 





Table 6.—Residues of malathon on vegetables, Puyallup, Washington, 1951 and 1952. Malathon 


applied as a 5-per cent dust. 








POUNDS OF 
TECHNICAL 


MALATHON heer 


PER ACRE Crop 
Untreated check All 
9.75 Spinach 60. 
$.75 Snap beans 
7.95 Cucumbers 
2.5 Broccoli 


Parts PER MILLION ON INDICATED Day AFTER 
‘TREATMENT 


1952 


1951 
0 T 12 0 1 6 
0 0 0 0 0 0 
9 3.9 Tr . ~ 
2 0 0 — = — 
. Tr 0 = 
- - - 9.2 ey | 0 





and Puyallup areas in Washington were 
analyzed for malathon. These potatoes 
had been on plants that had been dusted 
or sprayed, and the heaviest treatment 
was about 0.5 pound of malathon per acre 
applied as four separate applications of 
0.1 to 0.125 pound per acre. The potatoes 
were washed and analyzed without peel- 
ing. No malathon was found in any of the 
samples. 

Samples of alfalfa received from the 
Legume Seed Laboratory of the U. S. 
Department of Agriculture at Logan, 
Utah, were analyzed for malathon resi- 
dues. These samples were cut 10 daysafter 
being sprayed with 8 to 12 ounces of 
technical malathon per acre. Treated 
plots averaged about 0.25 part per million 
on a dry-weight basis. 


SumMMARY.—Studies of malathon resi- 
dues show that deposits of this insecticide 
are lost very rapidly from fruits and 
vegetables under conditions existing in the 
Pacific Northwest. Residues on apples and 
pears were less than 0.5 part per million 
at the end of 14 days. On peaches the ini- 
tial deposits were higher than those on 
apples and pears and residues after 14 days 
were between 1 and 2 parts per million. 
Only a trace remained on the fruit at har- 
vest. 

Residues on snap beans, cucumbers, and 
broccoli were no more than a trace after 
6 days. Spinach, which had very high 
initial deposits, still had residues of about 
4 parts per million after 6 days, but only 
a trace remained after 12 days. 























The Effect of Nitrogen in Fertilizers on Earworm 
Damage to Corn’ 


W. A. Dovuatas and Rosert C. 


Factorial experiments with corn in- 
volving different rates of nitrogen, phos- 
phorus, and potassium and different num- 
bers of plants per acre were initiated in 
1945 by Robert C. Eckhardt and Russell 
Coleman at several branch experiment 
stations in Mississippi. The results of some 
of these experiments and of additional 
ones designed and conducted by Howard 
\. Jordan in 1951 have been reported. 

Ear corn from the 1945 experiments at 
Raymond, Natchez, Holly Springs, and 
West Point, and from the 1949 and 1950 
experiments at Newton and State College, 
was examined to determine whether the 
amount of nitrogen in the fertilizer af- 
fected the damage caused by feeding of 
the corn earworm, Heliothis armigera 
(Hbn.). This study included a comparison 
of the damage rating with the yield and 
protein content of the corn. The damage 
rating was based on classes ranging from 
0 (no damage) to 5 (severe damage). The 
protein content of the corn was calculated 
as N X6.25 on a dry-weight basis. Potash, 
phosphoric acid, and up to and including 
60 pounds of nitrogen were applied in the 
drill previous to planting. All plots re- 
ceiving more than 60 pounds of nitrogen 
had the first 60 pounds applied in the drill 
previous to planting and the additional 
amounts were applied as a side dressing 
when the corn was approximately 20 
inches tall. 

In the 1945 experiments, for each level 
of nitrogen, the potash and phosphoric 
acid were varied as follows: no potash or 
phosphoric acid, 50 pounds of potash and 
no phosphoric acid, no potash and 50 
pounds of phosphoric acid, and 50 pounds 
of both potash and phosphoric acid. The 
results of these tests are shown in table 1. 
The earworm damage was not. signifi- 
cantly different at the various nitrogen 
levels at any of the locations. The average 
amount of damage, however, was some- 
what greater at Holly Springs than at 
Raymond, Natchez, or West Point. In all 
locations except Raymond the yield was 
affected by the amount of nitrogen in the 
fertilizer, and in most cases the protein 
content increased with the nitrogen level. 


EcKHARDT? 


Table 1.—Association of corn earworm dam- 
age with yield and protein content of corn due to 
amount of nitrogen in fertilizer. 1945 Experi- 
ments at several locations in Mississippi; 8,000 
plants per acre in all locations. 











NITRO- 
GEN YIELD 
PER PER Protein) DAMAGE 
Vv ARIETY Acre Acre Content’ Ratine 
Pounds Bushels Per Cent 
Raymond 
Station Mosby open- 0 55 9.72 1.67 
pollinated 25 55 10.13 1.68 
50 52 10.16 1.62 
75 56 10.34 1.51 
“Nate hex 

La. 468 hybrid 0 37 9.38 1.86 
20 43 9.45 1.97 
40 53 10.11 1.96 
60 51 9.92 1.86 
80 47 10.72 1.90 

Holly Springs 
Jellicorse open-polli- 0 33 7.96 2.54 
nated 20 41 7.65 2.26 
40 53 8.21 2.23 
60 62 9.03 2.40 
80 67 9.72 2.18 

West Point 

La. 468 hybrid 0 61 9.71 1.72 
20 62 9.71 1.76 
40 68 10.04 1.60 
60 68 10.06 1.69 
80 69 10.15 1.64 





In the 1949 and 1950 tests at Newton 
and State College 80 pounds each of 
potash and phosphoric acid were used 
with the nitrogen. The data for Newton 
are given in table 2. They show much 
more earworm damage on the no-nitrogen 
plots with 4,000 plants per acre than on 
the plots where nitrogen was added and 
the stand increased. On the no-nitrogen 
plots the yield was very low in both years. 
These low yields were reflected in poorly 
developed ears (nubbins), 99 per cent of 
which were infested and had high ear- 
worm damage ratings. With an applica- 
tion of 60 pounds of nitrogen normal ears 
developed and they were damaged less by 
the earworm. However, larger quantities 
of nitrogen, regardless of plant density, 
showed no appreciable differences in ear- 
worm damage. 


1 Journal article 296 of the Mississippi Agricultural Experi- 
ment Station, State College, Mississippi. 

2 Entomologist and Agronomist, respectively, Bureau of En- 
tomology and Plant Quarantine, and Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Ad- 
ministration, U. S. Department of Agriculture, in cooperation 
with the Mississippi Agriculture Experiment Station. 
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Table 2.—Association of corn earworm dam- 
age with yield and protein content of Dixie 11 
hybrid corn due to amount of nitrogen in fer- 
tilizer. Experiments in 1949 and 1950 at New- 
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Table 3.—Association of corn earworm dam- 
age with yield and protein content of Dixie 17 
hybrid corn due to amount of nitrogen in fer- 
tilizer. Experiments in 1949 and 1950 at State 
College, Mississippi. 






































NitRo- Piants YIELD In- 
GEN PER PER PER Protein DAMAGE FESTED 
AcRE AcRE Acre Content Rating Ears 

Pounds Number Bushels Per Cent Per Cent 
1949 Experiments 

0 4,000 7.4 6.25 3.07 99 

60 8,000 38.3 6.88 2.19 85 

90 8,000 53.1 8.00 1.88 77 

120 12,000 52.4 8.44 2.38 89 

160 12,000 61.2 9.25 2.22 87 

16,000 64.8 9.63 2.11 85 

L.S.D. 5% level 10.1 = 0.56 -- 

1% level 14.0 _ 0.78 — 

1950 Experiments 

0 4,000 9.2 7.03 3.32 99 

60 8,000 45.0 8.59 2.08 89 

90 8,000 60.1 8.46 2.16 89 

120 12,000 57.8 9.78 2.55 91 

150 12,000 60.9 9.77 2.29 93 

16,000 57.8 11.05 2.28 91 





The response to nitrogen at Newton 
was excellent, 2 pounds of this nutrient 
producing approximately 1 bushel of corn 
when the population was 8,000 plants per 
acre. 

The protein content increased with the 
nitrogen level. Earworm damage was 
greatest in the plots receiving no nitrogen 
and having low protein content. 

Data from the State College tests, given 
in table 3, indicate that the nitrogen sup- 
ply may have some influence on earworm 
feeding. The trend was for most damage 
to corn receiving no nitrogen and the high- 
est rate of nitrogen. Further data are 
necessary, however, to confirm this find- 
ing. There was a significant difference in 
the protein content of the grain grown on 
the different nitrogen levels. In both 1949 
and 1950 the yield of corn and the protein 
content increased with the nitrogen level 
when the plant population was held con- 
stant. 

SumMMARY.—Data were obtained in 
1945, 1949, and 1950 in corn plots in Mis- 
sissippi to associate damage by the corn 
earworm, Heliothis armigera (Hbn.), with 











Piants Nirro- YIELD In- 
PER GEN PER PER Protein DAMAGE FESTED 
AcRE AcrRE Acre Content Ratine Ears 
Number Pounds Bushels Per Cent Per Cent 
1949 Experiments 
4,000 0 21.2 8.28 1.89 76 
60 64.5 9.21 1.78 89 
120 67.9 10.43 2.06 95 
12,000 0 33.7 7.83 1.75 74 
60 71.2 8.39 1.90 90 
120 100.4 9.88 1.80 88 
L.S.D. 5% level 7.3 0.56 0.47 _ 
1% level 10.0 0.78 0.65 — 
1950 Experiments 
4,000 0 35.8 8.15 1.94 90 
60 68.9 10.10 1.91 87 
120 77.3 11.46 2.62 95 
12,000 0 47.6 7.50 2.54 89 
60 90.2 8.67 1.88 96 
120 121.8 10.11 2.11 90 
L.S.D. 5% level — 0.73 0.61 _ 
1% level — 1.00 0.85 = 





different levels of nitrogen in fertilizers 
when measured in terms of yield and pro- 
tein content of the corn. 

In tests at Raymond, Natchez, Holly 
Springs, and West Point in 1945, no dif- 
ferences in corn earworm damage to the 
corn could be related to differences in 
levels of nitrogen. The average earworm 
damage was somewhat higher at Holly 
Springs than at the other locations. 

In tests at Newton in 1949 and 1950, 
both the infestations and the damage 
rating were higher in corn plots receiving 
no nitrogen and producing only small, 
poorly developed ears than in plots sup- 
plied with nitrogen and yielding more and 
better corn. In plots receiving sufficient 
nitrogen to develop normal ears, the 
amount applied per acre did not signifi- 
cantly affect the degree of earworm dam- 
age. 

In tests at State College in 1949 and 
1950 there was a slight indication that 
corn earworm damage may be associated 
with the nitrogen balance of the plant. 


LITERATURE CITED 
Jordan, Howard V. 1951, Fertilizer and production practices for corn in the hill sections of Mississippi. 


Mississippi Agri. Expt. Station Bull. 486. 
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Reduction of Bacillus Larvae Spores in Liquid Food of Honey 
Bees by Action of the Honey Stopper, and Its Relation 
to the Development of American Foulbrood 


A. P. Sturtevant and I. L. Reveuz, U.S.D.A., Agr. Res. Adm. Bureau of 
Entomology and Plant Quarantine’ 


It has been known for a long time that 
particles such as pollen, suspended in nec- 
tar or other liquids, when taken into the 
honey stomach of the honey bee, Apis 
mellifera L., are removed from the liquid 
and passed into the ventriculus through 
the action of a valve-like structure in the 
anterior end of the proventriculus. 

Cheshire (1886) was one of the first to 
describe the honey-stomach valve and its 
action. Snodgrass (1925) gave further de- 
tails of the anatomy and structure of the 
proventricular stomach mouth. He be- 
lieved that the action of the four lips of 
the stomach mouth was the means by 
which the proventriculus passes to the 
ventriculus such materials as pollen sus- 
pended in the liquid food in the honey 
stomach. 

Later Whitcomb and Wilson (1929), in 
connection with a study of the mechanics 
of the digestion of pollen by the adult 
honey bee, described the pollen-filtering 
action in further detail and clearly deter- 
mined the function of the so-called honey 
stopper. They found that pollen fed to 
bees in sugar sirup remains in the honey 
stomach usually less than 10 minutes. 
They described the four lips of the honey 
stopper which protrude forward into the 
lumen of the honey stomach as being lined 
with fine hairs, or spines, slanting back- 
ward, which by their action apparently 
cause the pollen grains to gather at the 
mouth of the stopper, and from there they 
are strained from the suspension in the 
honey stomach. Whitcomb and Wilson 
noted the surprising fact that little, if any, 
liquid is allowed to pass from the honey 
stomach into the ventriculus until all the 
pollen has been removed. Also they de- 
scribed the valve at the posterior end of 
the proventriculus that prevents mate- 
rial from being forced back from the 
ventriculus into the honey stomach. 

In the spring of 1941 Woodrow & Holst 
observed the same activity with mold 
spores in connection with studies (unpub- 
lished) on the source of the food of honey 
bee larvae of various ages and its relation 


8 


? 


to American foulbrood infection. They 
used Aspergillus spores stained red to 
serve as a tracer material, suspended in 
sugar sirup to determine the age at which 
sirup or honey is fed to larvae. They ob- 
served that these stained mold spores 
were removed from such a suspension 
when fed to adult bees. The stained mass 
of spores was easily seen to be concen- 
trated in the ventriculus and rectum of 
the adult bees. They also found that the 
spore content of such sirup, when fed to 
bees and stored by them in the cells of 
brood combs, was reduced approximately 
77 to 85 per cent, depending on the length 
of time after feeding (2 to 4 days) that the 
spore counts were made. The counts were 
made with a Levy-Hauser bacteria-count- 
ing chamber. 

The question then arose as to whether 
the same filtering action of the honey- 
stopper valve would remove spores of 
Bacillus larvae, the cause of American 
foulbrood, which according to White 
(1920) measure 0.6 by 1.3 microns. Al- 
though it was found that the bees re- 
moved Aspergillus spores to about the 
same extent as they remove pollen grains, 
most pollen grains are several hundred 
times larger than the Aspergillus spores, 
which in turn are about 125 times larger 
than the B. larvae spores, according to 
Woodrow and Holst. Therefore, later in 
1941, to determine whether these small 
spores could be removed from sirup by 
means of the honey stopper, they pre- 
pared a 50-50 sugar sirup containing ap- 
proximately 5,000,000 spores of B. larvae 
per milliliter, and fed it to a colony of 
bees on dry combs kept in a cage in the 
laboratory. A rough estimate of the spore 
content of the sirup stored in the combs 
by the bees was made by the dilution- 
culture tube method. Although not as 
accurate as the microscopic counting 
method, the indications were that the 
spore content of the original sirup had 
been reduced to approximately 5,000 


1 In cooperation with the University of Wyoming. (Wyoming 
Agricultural Experiment Station, Journal Paper No. 18.) 
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spores per milliliter in 2 to 7 days after the 
sirup was fed. 

Todd & Vansell (1942) demonstrated 
that sugar sirup containing pollen fed to 
bees invariably showed high pollen counts, 
when removed from the honey stomach 
and examined immediately after feeding. 
Most of the bees held for 15 minutes after 
feeding showed a drastic reduction in pol- 
len count in the ingested sirup. 

More recent studies of the action of the 
proventriculus of the honey bee (Bailey 
1951, 1952) indicate that the filtering ac- 
tion of the honey stopper is very efficient, 
and capable of removing particles varying 
in size from about 3 to 50 microns, and 
that small particles are filtered more 
efficiently than larger ones of the same 
concentration. Bailey found that the vol- 
ume of fluid within the honey stomach, 
the size of the particles in suspension, 
and their concentration have significant 
effects on the rate and efficiency of filtra- 
tion by the proventriculus. 

Various studies have been made at the 
Laramie, Wyo., laboratory of the Bureau 
of Entomology and Plant Quarantine to 
determine the nature of resistance to 
American foulbrood and to develop strains 
of bees resistant to this disease. In connec- 
tion with some of these studies, interest 
was resumed in the previous observations 
concerning the removal of spores of B. 
larvae from contaminated liquid food of 
bees by the action of the honey stopper. 
Early in 1945 research was initiated to 
determine the extent to which colonies of 
bees may protect themselves from con- 
tracting American foulbrood by this ac- 
tion. Also an effort was made to deter- 
mine whether there was any relation 
between the current status of disease in 
the colonies, the history of resistance 
shown by different strains of bees or the 
degree of resistance shown by the individ- 
ual test colonies, and the spore removal 
accomplished by the bees from such test 
colonies. 

Meruops AND MarTertAts.—Bees for 
the spore-reduction studies were taken 
from various colonies that had been under 
test for resistance to American foulbrood. 
The resistance tests consisted in inoculat- 
ing the colonies with a standard dose of 
500,000,000 spores of Bacillus larvae in 1 
liter of 50-50 sugar sirup. This is 10 times 
the minimum dose found necessary to 
produce disease in a colony (Sturtevant 
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1932). The colonies from which bees for 
the spore-reduction studies were taken 
consisted of the following three categories, 
according to their reaction to the stand- 
ard inoculation tests: (1) Negative colo- 
nies, which never permitted any disease 
to develop; (2) recovery colonies, which 
permitted a small amount of disease to 
develop but showed complete recovery 
by the end of the brood-rearing season; 
and (3) nonrecovery colonies, in which 
more or less disease developed and gradu- 
ally became worse with no hope of recovery. 

In 1947 and 1949 approximately a 
pound of bees from each selected colony 
was shaken into a five-frame nucleus hive 
onto one dry comb that had never been in 
contact with the disease. In the prelimi- 
nary experiment in 1945 more bees were 
used. Except in 1945, when bees were 
taken in February from a hive confined 
in a laboratory cage, bees were taken from 
outdoor colonies during the early part of 
August. 

Bees confined in the ventilated nucleus 
hives were kept in the laboratory while 
they were being fed  spore-containing 
sugar sirup. The sirup was made up to 
contain known numbers of spores per 
milliliter, by use of a powder of known 
spore content per unit weight previously 
prepared from American foulbrood scales. 
From 1 to 8 liters of sirup was fed to the 
bees during approximately a 2-week 
period. When sufficient sirup had been 
stored in the combs, the bees were killed, 
and a sample was removed by scraping it 
with a spoon and filtering it through 
cheesecloth to remove particles of wax. 

In 1945 the stored sirup was removed 
from the combs and examined for spore 
content shortly after the bees had been 
killed. It was not as thick as well-ripened 
honey, but considerably thicker than the 
original sirup. In 1947 and 1949 the 
combs were held for 4 to 5 months before 
the stored sirup was removed and ex- 
amined. In these years the sirup had more 
nearly the consistency of fairly well 
ripened honey than in 1945. 

The spore content of the stored sirups 
was determined by the spore-counting 
method devised by Sturtevant (1936). 
The formula used was as follows: 

Number of spores per milliliter = 32,884 
X where X=1.228 Y+0.2034+0.4374, 
and Y =the actual mean number of spores 
counted per microscopic field. 





ne 
di 
ti 
or 
be 
an 
pe 
de 
se: 
ag 
en 
an 
of 
dif 
rec 
the 
obs 
ter 
wit 
vea 
atic 
fed 
fee 
stol 
cou 
1 
twe 
nies 
the 
COVE 
thes 





October 1953 STURTEVANT & REVELL: HONEY Stopper & AMERICAN FOULBROOD 857 


The bees from only one colony were 
used in 1945, but in both 1947 and 1949 
bees from eight colonies of various strains 
aud disease categories were used. At the 
time the bees were taken from the hives, 
the amount of disease present in each 
colony was recorded. In 1945 the sirup 
was made to contain 5,000,000 spores per 
milliliter. In 1947 the number was reduced 
to 500,000, but in 1949 was increased to 
1,000,000 spores per milliliter in order to 
obtain greater accuracy in counting. 

Resutts.—Table 1 gives the results of 
these observations in samples of sugar 
sirup stored by bees from 17 colonies dur- 
ing the 3 years of the experiments. 

Table 2 gives further data on the 
amount of disease in the test colonies at 
the time the tests were made and at the 
end of the brood-rearing season, as well 
as the number of cells of disease observed 
during the season. Data are also given on 
the seasonal disease resistance for the 
breeding group to which each test colony 
belonged. 

Bees from highly resistant, so-called 
negative colonies, which never permitted 
disease to develop, showed a spore reduc- 
tionaveraging 79 per cent. Bees from more 
or less susceptible colonies, comprising 
both those showing recovery from disease 
and those showing nonrecovery, which 
permitted varying amounts of disease to 
develop at one time or another during the 
season, showed less spore reduction, aver- 
aging 59 per cent. There was only a differ- 
ence of 12 per cent between the highest 
and lowest figures for individual colonies 
of the negative-colony group. There was a 
difference of 23 per cent for the individual 
recovery colonies and of 28 per cent for 
the individual nonrecovery colonies. 

Discusston.—The reduction of spores 
observed did not seem to be affected ma- 
terially by seasonal conditions varying 
with the years of the tests or the time of 
year the tests were made, or by the vari- 
ation in initial spore content of the sirup 
fed to the test bees, the length of the 
feeding period, or the length of time the 
stored sirup was held before the spore 
counts were made. 

The difference in spore reduction be- 
tween bees from the nine negative colo- 
nies and those from the eight colonies of 
the susceptible (recovery and nonre- 
covery) categories is of major interest in 
these studies (Table 1). The records on 


the group seasonal resistance behavior of 
the test colonies (Table 2) seem to be 
related to most of those on the spore- 
reduction activity (Table 1). All the nega- 
tive colonies belong to groups showing 
excellent seasonal resistance, although 
the recovery and nonrecovery colonies 
belong to groups showing only poor to 
fairly good seasonal resistance. However, 
spore reduction by bees from individual 
colonies within these two categories may 
be related also to the number of disease 
cells present at the end of brood rearing, 
or to the total amount of disease observed 
during the season. 

The sirup stored by the bees from three 
negative colonies headed by queens of 
three highly resistant inbred lines showed 
greater spore reduction than did the sirup 
stored by bees of four other negative colo- 
nies headed by queens of equally resistant, 
three-way hybrid breedings, one or more 
of the components of which belonged to 
the above-mentioned resistant inbred 
lines. The sirup stored by the bees of two 
negative colonies headed by commercial 
hybrid queens advertised as resistant to 
American foulbrood showed a spore reduc- 
tion slightly greater than that stored by 
most of the other negative colonies. 

The spore reduction in the sirups stored 
by bees from the three recovery colonies 
was significantly less than that for the 
negative colonies. These results appear to 
be related to the amount of disease pres- 
ent in the colonies when the test bees were 
taken and to the amount developing dur- 
ing the season. They may also be related 
to the seasonal resistance records of the 
groups to which the colonies belonged 
(Table 2). The reduction in the sirup 
stored by the bees from the colony headed 
by a queen of commercial stock line (No. 
217) was definitely greater than that for 
the other two colonies of the recovery 
category, comparable with some of the 
negative colony results. This colony 
showed a relatively small amount of dis- 
ease prior to recovery, and its group sea- 
sonal resistance record was better than 
that of the other colonies. 

There is little difference in the spore 
reductions in the sirups stored by the 
bees from the nonrecovery colonies, ex- 
cept for one colony (No. 956). This colony, 
although showing only two American foul- 
brood cells at the time the bees were taken 
for the test, showed 76 cells at the end of 
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Table 1.—Reduction of Bacillus larvae spores in sugar sirup after ingestion in honey stomachs of 
bees and subsequent ripening and storage in empty combs. 








TEST 
CoL- 
Resistance Category or Test CoLoNnies ONY 
AND Breepine Type or QuEENS No. 
Negative colonies 
Line inbred: 
Naturally mated, F generation, arti- 633 
ficially inseminated 
F;2 generation 920 
F io generation X17 
Three-way hybrid, artificially insemi- 987 
nated (from inbred resistant lines) 965 
982 
993 
Commercial hybrid advertised as Ameri- 235 
can foulbrood resistant 243 
Recovery colonies 
Line inbred, artificially inseminated one 942 
or more generations 168 
Commercial stock line, P; generation 217 
Nonrecovery colonies 
Line inbred (same as recovery colonies) 956 
162 
Commercial hybrid (same as negative 253 
colonies) 239 
251 


SPoRES PER MILLILITER 
OF SYRUP 


Per Cent 
—— ReEpwuctTIon 


After 


IN SPORE 

Fed to Storage CONTENT 

YEAR Bees by Bees! of Srrup 
1945 5,000,000 816,000 S4 
1947 500 ,000 105 ,000 79 
1947 500 ,000 110,000 78 
Average 80 
1947 500 ,000 101,000 80 
1947 500 ,000 129,000 74 
1947 500 , 000 134,000 73 
1947 500 ,000 130 , 000 72 
Average 75 
1949 1,000,000 169, 000 83 
1949 1,000, 000 196,000 80 
Average 82 
Average all negative colonies 79 
1947 500 ,000 243 , 000 51 
1949 1,000 ,000 469 , 000 53 
Average 52 
1949 1,000,000 256,000 74 
Average all recovery colonies 59 
1947 500 ,000 287 ,000 43 
1949 1,000,000 287,000 71 
Average 57 
1949 1,000 ,000 339 , 000 66 
1949 1,000 , 000 405 ,000 60 
1949 1,000,000 435,000 57 


Average 6] 
Average all nonrecovery colonies 59 





1 Approximate numbers calculated from actual spore counts. 


the season, and a total of 245 cells were 
observed, mostly during the latter part of 
the season. However, the inbred strain to 
which the queen of this colony belonged 
had a very poor seasonal resistance record 
for 1947, the year in which this test was 
made. Furthermore, in 1948 all 18 colo- 
nies under test, headed by next-generation 
queens of this strain, were in the nonre- 
covery group. Apparently this strain was 
highly susceptible to American foulbrood, 
and this character may have influenced 


the spore-reduction activity. The spore 
reductions by the nonrecovery colonies 
headed by the line-inbred and commercial 
hybrid queens were a little greater than 
for the recovery colonies, but significantly 
less than the averages for the negative 
colonies. 

The bees from a slightly diseased non- 
recovery test colony (No. 162) showed a 
spore reduction almost as great as that for 
some of the negative colonies, and greater 
than that for a recovery colony (No. 168) 
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Table 2.—American foulbrood resistance data for colonies from which test bees were taken and for 
the resistance groups to which they belonged. 








DiIsEASE CELLS IN COLONIES 
FROM Wuicu BEEs 
WERE TAKEN 


Per CENT oF COLONIES IN 
INDICATED REsISTANCE GROUPS, 
FOR SEASON 


At Start 


Present 





‘TEST Total Negative 
COLONY of Experi- At End of During Non- plus 
No.! YEAR ment Season Season Recovery Negative Recovery 
Vegative colonies 
633 1945 0 0 0 17 39 83 
920 1947 0 0 0 0 100 100 
X17 1947 0 0 0 0 86 100 
987 1947 0 0 0 0 33 100 
965 1947 0 0 0 0 80 100 
982 1947 0 0 0 0 100 100 
993 1947 0 0 0 0 83 100 
235 1949 0 0 0 0 100 100 
243 1949 0 0 0 25 75 75 
Recovery colonies 
942 1947 2 0 70 50 0 50 
168 1949 28 0 190 29 0 71 
217 1949 0 0 7 20 70 80 
Nonrecovery colonies 
956 1947 z 76 245 82 9 18 
162 1949 0 5 12 29 0 a 
253 1949 vf 21 73 17 83 83 
239 1949 39 500+ 500+ 20 60 80 
251 1949 7 500+ 500+ 20 80 80 





1 See Table 1 for breeding type of queens of test colonies. 


headed by a sister queen. A possible ex- 
planation for this marked difference is 
that the nonrecovery colony showed no 
diseased cells at the time the bees were 
taken for test, a total of only 12 cells dur- 
ing the entire season, and only 5 cells at 
the end of the season, whereas the re- 
covery colony allowed 190 cells of disease 
to develop during the early part of the 
season. 

This spore-reducing mechanism prob- 
ably is important to a colony only when it 
functions at the time of initial infection, 
as illustrated by disease-resistance test 
inoculations. It is possible that, after a 
colony becomes sufficiently infected so 
that recovery is doubtful, this activity 
may not materially affect the spread of 
the disease. How much colonies may pro- 
tect themselves from contracting initial 
infection, aside from their disease-resist- 
ance behavior, depends on the spore con- 
tent of the contaminated honey brought 
into the hive, and whether the spore-re- 
moval mechanism can reduce the initial 


spore content below the minimum infec- 
tious dose of 50,000 spores per milliliter. 
The reduced spore contents of all the sam- 
ples of stored sirup reported in table 1 
would have to be considered dangerous if 
the sirup were fed to colonies of bees in 1- 
liter amounts. 

SummMary.—It has been known for a 
long time that pollen is removed from 
suspension in a liquid in the honey stom- 
ach of the honey bee, Apis mellifera L., 
by the action of the honey stopper. Experi- 
ments in 1941 indicated that smaller parti- 
cles, such as Aspergillus mold spores and 
even the small spores of Bacillus larvae, 
the cause of American foulbrood, are re- 
moved by this mechanism. 

Bees from nine highly resistant nega- 
tive colonies, those that never permitted 
any disease to develop, removed more 
spores from a suspension in sugar sirup, 
averaging 79 per cent removal, than did 
bees from eight colonies that allowed more 
or less disease to develop, averaging 59 per 
cent removal for bees from recovery colo- 
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nies and also 59 per cent for bees from 
nonrecovery colonies. 

The spore reduction by bees from nega- 
tive colonies ranged from 72 to 84 per 
cent, all colonies having a relatively high 
seasonal resistance. There was no appar- 
ent relationship between strain resistance 
and the spore reductions. Bees from two 
colonies headed by commercial hybrid 
queens advertised as resistant to Ameri- 
can foulbrood showed a higher average 
reduction than did bees from colonies 
headed either by line-inbred, naturally 
mated queens or by three-way hybrid, 
artificially inseminated queens. 

The spore reductions by bees from re- 
covery and nonrecovery colonies probably 
were more Closely related to the amount 
of disease present at the time the bees 
were taken for testing, or that which de- 
veloped during the season, than to the 
seasonal resistance of the breeding group 
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to which the colonies belonged. The low- 
est spore reduction was by bees from a 
colony headed by a queen belonging to a 
highly susceptible strain. 

This reduction of spores probably is im- 
portant in protecting colonies from Ameri- 
an foulbrood only when it functions at 
the time the contaminated liquid food 
first becomes available to the colony. It 
probably does not materially affect the 
spread within the colony after the disease 
has become established. The develop- 
ment of the infection also depends on the 
spore content of the contaminated honey 
brought into the hive by the bees. Since 
the maximum average spore removal was 
found to be only 79 per cent, the stored 
food would still be a potential source of 
infection unless the spore content was re- 
duced below the minimum dose capable 
of producing disease in a colony. 
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Field-Plot Comparisons of Insecticides for Control 


of the Pea Weevil 


Raupu Scuopp, Tom A. Brrnpie&y, and Frank G. Hinman, U.S.D.A. Agr. Res. 
Adm., Bureau of Entomology and Plant Quarantine! 


Field experiments were conducted at 
Moscow, Idaho, from 1945 through 1952 
to determine the effectiveness of several 
new insecticides for the control of the pea 
weevil, Brunchus pisorum L. Prior to 1945 
the pea weevil was controlled with a 1- 
per cent rotenone dust. Therefore, since 
untreated plots were usually not available 
because of objections by growers, 1-per 
cent rotenone dust was used as a standard 
of comparison at the beginning of these 


investigations. However, it was found 
(Schopp ei al., 1948) that 5-per cent DDT 
dust was more effective than 1-per cent 
rotenone dust. Experiments in 1947 with 
lower strengths of DDT indicated that the 
5-per cent strength is necessary for con- 
sistently good results. From 1947 to 1952, 
therefore, 5-per cent DDT was used as 
the standard of comparison or check. 


1In cooperation with the Idaho Agricultural Experiment 
Station 
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Mernops.—The randomized-block ar- 
rangement of plots was used in the experi- 
ments. The plots were 25 feet wide and 
174 feet long, or 0.1 acre. 

The dusts were applied with a power 
duster equipped with a 25-foot boom. 
They were discharged through flexible 
metal tubes and nozzles under a canvas 
trailer 20 feet long. Unless otherwise 
stated, the insecticides were applied at 20 
pounds per acre. 

The direct effectiveness of each dust 
was judged by the reduction of adult wee- 
vils as compared to that obtained in check 
plots dusted at the same time with either 
l-per cent rotenone or 5-per cent DDT. 
Weevil populations were sampled by 
sweeping with a 15-inch collecting net. 
Two 25-sweep collections were made on 
each plot. The plots were sampled before 
dusting and, when weather permitted, on 
the first and second days after dusting. 
Additional samples were taken later when- 
ever practical. Where the data from the 
first day after dusting are available, these 
have been used for comparing the in- 
secticides; data from later sampling will 
be indicated. 

When possible, two samples of 1000 
mature peas each were collected at harvest 
time from each plot and examined to de- 
termine the percentage damaged by the 
weevils. 

Except where the diluent for the dusts 
is given, they were obtained ready-mixed 
and the diluent is not known to the au- 
thors. 

Atprin.—A 5-per cent aldrin dust was 
tested in 1949 in an experiment with 8 
replicates. Reduction of weevil popula- 
tions was 82 per cent for aldrin and 94 per 
cent for DDT. At harvest 1 and 2 per 
cent, respectively, of the mature peas 
were damaged. 

In a second experiment in 1949 of 5 
replicates, the dusts were applied at 40 
pounds per acre. The DDT dust used for 
comparison in this experiment contained 
50 per cent of sulfur. Both aldrin and 
DDT reduced the weevil populations 100 
per cent. There was only 0.2-per cent 
damage to the harvested peas in the aldrin 
plots as compared with 0.4-per cent in the 
DDT plots. There was no appreciable dif- 
ference in effectiveness between the two 
insecticides. Aldrin appeared to kill more 
slowly than DDT. 


BENZENE HexacuLoripE.—BHC (ben- 
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zene hexachloride) dust containing 1 per 
cent of the gamma isomer was tested in 14 
replicates in 1946. It reduced weevil popu- 
lations 96 per cent as compared to 95 per 
cent for rotenone. Five per cent of the peas 
treated with BHC and 8 per cent of those 
dusted with rotenone were damaged at 
harvest time. In a second experiment of 
10 replicates, BHC reduced weevil popu- 
lations 97 per cent and DDT 96 per cent. 
Six per cent of the mature peas treated 
with BHC were damaged, and 7 per cent 
of those treated with DDT. 

BHC containing 2 per cent of the 
gamma isomer in pyrophyllite was tested 
in 9 replicates in 1947. After 3 days both 
BHC and DDT reduced weevil popula- 
tions 99 per cent. Less than 1 per cent of 
the peas were damaged at harvest. BHC 
at strengths of 1 and 2 per cent of the 
gamma isomer were comparable to 1 per 
cent of rotenone and 5 per cent of DDT. 
BHC has not been recommended because 
it produces off-flavor in canned peas. 

CHLORDANE.—Chlordane, 3 per cent in 
pyrophyllite, was compared with rotenone 
in four replicates in 1946. The chlordane 
reduced weevil populations 77 per cent, 
and rotenone 94 per cent. Seven per cent 
of the peas treated with chlordane were 
damaged at harvest and 13 per cent with 
rotenone. In 1949, 5-per cent chlordane 
was tested at a rate of 20 pounds per acre 
in one experiment of five replicates and 
at 40 pounds in another. Reduction of 
weevils at the 20-pound rate was 97 per 
cent for chlordane and 98 per cent for 
DDT. Of the peas treated with chlordane, 
3.5 per cent were damaged at harvest and 
of those treated with DDT 3.3 per cent. 
At the 40-pound rate both chlordane and 
DDT killed all of the weevils. Peas from 
the chlordane plots were 0.1 per cent 
damaged and from the DDT plots 0.4 per 
cent. 

Results of the 1946 experiment indicate 
that chlordane killed more slowly than 
rotenone but in eventual control, as indi- 
cated by infestation in the harvested peas, 
was equal to rotenone. Comparisons in 
1949 showed no significant difference be- 
tween chlordane and DDT. 

Dievprin.—A 5-per cent dieldrin dust 
was tested in 1949 at rates of 20 and 40 
pounds per acre in five replicates each. 
Dieldrin at 20 pounds per acre reduced 
weevil populations 93 per cent and DDT 
94 per cent. At harvest 1.4 per cent of the 
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peas treated with dieldrin were damaged 
by weevils and 2.3 per cent of those 
treated with DDT. Dieldrin was com- 
pared with a 5-per cent DDT dust con- 
taining 50 per cent of sulfur at 40 pounds 
per acre. Both dusts killed all the weevils. 
Dieldrin-treated peas had 0.1 per cent 
weevil damage and the DDT-sulfur 0.2 
per cent. Dieldrin was comparable to 
DDT in these experiments. 

Enprin.—A 1-per cent endrin dust at 
10 pounds per acre was tested in 11 repli- 
cates in 1951. Endrin reduced weevil pop- 
ulations 96 per cent and DDT 99 per cent. 
Weevil damage in the harvested peas was 
7 per cent for endrin and 9 per cent for 
DDT. There was no significant difference 
between the insecticides. 

MatatHon.—Malathon at a strength 
of 2.5 per cent in pyrophyllite was tested 
in 1952 in two experiments of five repli- 
cates each. It was compared with 2.5-per 
cent DDT and 1-per cent parathion. In 
the first experiment rain followed the ap- 
plication and the plots were sampled after 
5 days. The reduction of weevil popula- 
tions was practically 100 per cent by the 
three treatments at this time. In the sec- 
ond experiment malathon reduced weevil 
populations 87 per cent, parathion 94 per 
cent, and DDT 96 per cent. The malathon 
dust was significantly inferior to the DDT 
dust but not to the parathion. 

Meruoxycuior.—Methoxychlor at 
strengths of 3 to 5 per cent were tested in 
six seasons. In 1946 a 3-per cent dust was 
tested in seven replicates. Both methoxy- 
chlor and DDT reduced weevil popula- 
tions 97 per cent. Weevil damage in the 
harvested peas was 6 per cent for both 
insecticides. Five per cent of methoxychlor 
in pyrophyllite was also tested in seven 
replicates. It reduced weevil populations 
98 per cent as compared with 95 per cent 
for DDT. Weevil damage to the harvested 
peas was 8 per cent for methoxychlor and 
7 per cent for DDT. 

In 1947 in 9 replicates 5-per cent 
methoxychlor reduced weevil populations 
98 per cent 3 days after dusting as com- 
pared with 99 per cent for DDT. There 
was 1 per cent damage to the harvested 
peas with both insecticides. In 1949 
methoxychlor, 5 per cent in pyrophyllite, 
in 5 replicates reduced weevil populations 
92 per cent and DDT 97 per cent. Dam- 
age to the peas at harvest was 2.6 per cent 
for methoxychlor and 3.1 per cent for 
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DDT. At 40 pounds per acre both 
methoxychlor and DDT reduced the 
weevil population 100 per cent. The dam- 
age to harvested peas was 0.9 per cent for 
methoxychlor and 0.4 per cent for DDT. 

One experiment of 10 replicates was 
made in 1950 with 5 per cent of methoxy- 
chlor in tale. Weevil populations were re- 
duced 100 per cent with both methoxy- 
chlor and DDT. Weevil damage in sam- 
ples of 6000 peas at harvest was 0.15 per 
cent for methoxychlor and 0.17 per cent 
for DDT. In 1951 methoxychlor at 5-per 
cent strength in tale was tested in com- 
parison with DDT at 10 pounds per acre 
in 11 replicates. Methoxychlor reduced 
weevil populations 99.4 per cent and DDT 
98.6 per cent. The damage to harvested 
peas was 6.2 per cent for methoxychler 
and 8.7 per cent for DDT. In 1952 
methoxychlor and DDT were compared 
in two experiments of five replicates each 
at strengths of 2.5-per cent in tale. In the 
first experiment sampling was delayed 5 
days and the weevil populations were re- 
duced practically 100 per cent at this 
time. In the second experiment reduction 
of weevil populations was 91.7 per cent for 
methoxychlor and 96.2 per cent for DDT. 
Methoxychlor was not significantly in- 
ferior to DDT in these tests, and it is con- 
cluded that it is approximately equal to 
DDT for pea weevil control. 

PaRATHION.—Parathion was _ tested 
from 1948 to 1952, inclusive. In 1948 it 
was tested at strengths of 1, 0.5, and 0.25 
in 9 replicates. The 0.5- and 0.25-per cent 
dusts were prepared by diluting a 1-per 
cent dust with pyrophyllite. Weevil popu- 
lations were reduced 96.9 per cent with 1- 
per cent, 96.8 per cent with 0.5-per cent, 
and 96.0 per cent with 0.25-per cent 
parathion. DDT reduced the populations 
99.6 per cent. The differences were not 
significant. Damage to the harvested peas 
was 1.8 per cent for l-per cent, 3.7 per 
cent for 0.5-per cent, 3.1 per cent for 0.25- 
per cent parathion, and 0.5 per cent for 
DDT. The 0.5- and 0.25-per cent strengths 
of parathion were inferior to the 1-per 
cent strength of parathion and to DDT. 
The difference between 1-per cent par- 
athion and DDT was not significant. 

In 1949 a 1-per cent parathion dust was 
tested in two experiments of five replicates 
each. In one experiment the dusts were 
applied at 20 pounds per acre and in the 
other at 40 pounds. The DDT prepara- 
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tion used at the 40-pound rate contained 
50 per cent of sulfur. Both the parathion 
and DDT reduced weevil populations 100 
per cent at both rates of application. 
Weevil-damaged peas at the 20-pound 
rate were 5.5 per cent for parathion and 4.0 
per cent for DDT. At the 40-pound rate 
weevil-damaged peas were 0.3 per cent 
for parathion and 0.4 per cent for DDT- 
sulfur. 

In 1950 a 1-per cent parathion dust was 
tested in 10 replicates at 10 pounds per 
acre. After 3 days no weevils were found 
in either the parathion or the DDT plots. 
Samples of 6000 peas from each plot were 
examined, and weevil damage of 0.3 per 
cent was found for parathion and 0.2 per 
cent for DDT. 

In 1951 a 1-per cent parathion dust was 
tested in 11 replicates at 10 pounds per 
acre. It reduced weevil populations 99.1 
per cent and DDT 98.1 per cent. Damage 
to the peas at harvest was 4.1 per cent for 
parathion and 8.7 per cent for DDT. This 
difference was not significant. 

In 1952 a l-per cent parathion was 
tested in two experiments of five repli- 
cates each. In the first experiment rain 
followed the dusting, and sampling was 
delayed until the fifth day. The weevil 
populations were reduced practically 100 
per cent by both parathion and DDT at 
2.5-per cent strength. In the second ex- 
periment there was no rain, and parathion 
reduced the weevil populations 9.2 per 
cent and DDT 95.8 per cent. Differences 
in 1952 were not significant. Data on 
damage to harvested peas were lost be- 
cause reinfestation made it necessary to 
redust with DDT. No significant differ- 
ences were found between parathion at 1- 
per cent strength and DDT at 2.5-per 
cent and 5-per cent strengths. 

TOXAPHENE.—A 10-per cent toxaphene 
dust was tested at 20 pounds per acre in 
16 replicates and at 40 pounds per acre in 
five replicates in 1949. At 20 pounds per 
acre toxaphene reduced weevil popula- 
tions 96.4 per cent and DDT 97.1 per 
cent. Peas from 14 of these replicates 
were 3.5 per cent damaged with toxaphene 
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and 3.1 per cent with DDT. At 40 pounds 
per acre the weevil populations were re- 
duced practically 100 per cent by both 
toxaphene and DDT, and weevil-dam- 
aged peas were 0.2 per cent for toxaphene 
and 0.4 per cent for DDT. At a strength 
of 10 per cent toxaphene was about equal 
to DDT at 5 per cent. 

Q-137.—Q-137 in tale was tested at 5- 
per cent strength in 1950 and 1951. In 
1950 in 10 replicates weevil populations 
were reduced practically 100 per cent with 
both Q-137 and DDT 3 days after dusting. 
In 1951 with 11 replicates at 10 pounds 
per acre weevil populations were reduced 
92 per cent as compared with 99 per cent 
for DDT. Weevil-damaged peas were 2 
per cent for this insecticide and 1 per cent 
for DDT. 

In 1952 two experiments of five repli- 
cates each were made with Q-137 and 
DDT at strengths of 2.5 per cent in tale. 
In the first experiment sampling was de- 
layed until the fifth day by rain. Weevil 
populations were reduced 96.0 per cent 
with this material and 99.9 per cent with 
DDT. In the second experiment this in- 
secticide reduced weevil populations 93 
per cent and DDT 96 per cent. 

There were no significant differences be- 
tween Q-137 and DDT in 1950, 1951, and 
the first experiment of 1952. In the second 
experiment in 1952 this material was in- 
ferior to DDT. 

SumMARY.—From 1945 through 1952 
several new insecticides were tested 
against the pea weevil, Bruchus pisorum 
L., to compare their effectiveness. 

None of the dusts tested appeared to be 
more effective than DDT. Those which 
were approximately as effective as 5-per 
cent DDT were 5-per cent aldrin, BHC 
containing 1 and 2 per cent of the gamma 
isomer, 5-per cent chlordane, 5-per cent 
dieldrin, 1-per cent endrin, 5-per cent 
methoxychlor, l-per cent parathion, and 
10-per cent toxaphene. A 2.5-per cent 
DDT dust was more effective than ma- 
lathon and Q-137 at the same strength. A 
5-per cent DDT dust was more effective 
than 0.5-per cent parathion dust. 
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The Resistance of Insects to Insecticides. Some 
Differences Between Strains of House Flies! 


Joun J. Prart, Jr.,? and Frank H. Bapers, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Since resistant house flies, Musca do- 
mestica L., have been reported, much has 
been published concerning differences be- 
tween susceptible and resistant strains. 
Differences in morphology, pupal weight, 
duration of life cycle, and tolerance to 
high and low temperatures have been 
found by some investigators but not by 
others (Anon. 1950, Bruce 1949, D’- 
Alessandro et al. 1949, Fullmer & Hos- 
kins 1951, March & Lewallen 1950, 
Pimental et al. 1951, Barber, et al. 1948, 
and Wiesmann 1947). Sacktor (1950) re- 
ported consistently greater cytochrome- 
oxidase activity in adults of resistant 
flies than in susceptible ones, and later 
related these findings to respiratory me- 
tabolism. Several investigators reported 
that resistant flies can detoxify DDT to 
its ethylene derivative DDE more effi- 
ciently than susceptible flies (Lindquist 
et al. 1951, March & Metcalf 1950, Perry 
& Hoskins 1950, 1951, Sternburg & Kearns 
1950, Sternburg et al. 1950, and Winter- 
ingham et al. 1951). 

The authors (Babers & Pratt 1950) 
found that the cholinesterase activity of 
the head (brain) tissue of susceptible 
house flies was greater than that of resist- 
ant flies during the first 5 days of adult 
life. When this research was extended to 
other phases of metabolism of the house 
fly, it became apparent that a knowledge 
of normal differences between strains, 
susceptible and resistant, was essential 
before biological differences could be asso- 
ciated with insecticide susceptibility or 
resistance. 

Normal differences were not established 
in the works reviewed above, since in 
most cases only one susceptible and one 
resistant strain were studied. In_ their 
studies on time of larval development Pi- 
mental et al. (1951) observed four resist- 
ant strains, but compared them with only 
one susceptible strain. Since all the resist- 
ant strains were originally collected in the 
field and had been reared in the laboratory 
for not more than five generations prior 
to the beginning of the experiments, but 
the susceptible strain was derived from 


laboratory-reared stock, it seemed neces- 
sary to show whether or not environment 
had any bearing on the observed differ- 
ences in time of larval development. 

Obviously, since the ability of resistant 
flies to degrade DDT to DDE more rap- 
idly than susceptible flies was reported in 
five or more laboratories, several suscept- 
ible and resistant strains were compared. 
However, it was not conclusively shown 
that the difference in rate of detoxifica- 
tion of DDT is a true strain difference, for 
susceptible and resistant strains were not 
compared when both were subjected to 
the same degree of DDT poisoning, but 
only when treated on an LD-50 basis. 

In investigations at the Beltsville, 
Maryland, laboratory, of the Bureau of 
Entomology and Plant Quarantine, the 
cholinesterase (ChE) activity of head 
tissue, oxygen consumption, and the mor- 
tality response of adult females to DDT 
were compared among six susceptible and 
three resistant strains of house flies. These 
studies are reported here. 

MATERIALS AND Mretruops.—The house 
flies were reared in standard NAIDM 
medium (Anon. 1951), and the adults 
were fed a 1:1 mixture of powdered whole 
milk and sugar with water given sepa- 
rately. The temperature of the rearing 
room was 26°+2° C. and the relative 
humidity 50+5 per cent. Adult females 3 
days old were used except in studies re- 
lated to age. 

Cholinesterase activity was determined 
by the Warburg manometric procedure 
previously described (Babers & Pratt 
1950), except that the final concentration 
of acetylcholine substrate was 0.01 M 
rather than 0.045 M. At least three de- 
terminations with two or three replica- 
tions were made for each strain. Results 
(corrected for nonenzymatic activity) are 
expressed as cubic millimeters of carbon 
dioxide per minute produced by the action 


1 Presented at the meeting of the American Association of 
Economic Entomologists at Cincinnati, Ohio, December 10-13, 
1951. 

* Present address: Chemicals and Plastics Branch, Resear: h 
and Development Division, Office of the Quartermaster Gen- 
eral, U.S, Army. 
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of liberated acetic acid on the bicarbonate 
buffer. 

Oxygen consumption was measured 
hy means of Warburg respirometers with 
|5-ml. center-well respiring flasks. Four 
flies of approximately equal size were 
weighed while under carbon dioxide nar- 
cosis, and then placed in a No. 1 gelatin 
capsule with sufficient absorbent cotton 
around them to restrict their movements. 
‘The capsules had been previously pierced 
in several places with a needle to provide 
circulation of air. The capsule was placed 
in the bottom of the flask, and 0.5 ml. of 
10 per cent potassium hydroxide solution 
was measured into the center well. In or- 
der to increase absorption of the evolved 
carbon dioxide, a piece of filter paper 
folded in the shape of a fan was placed in 
the well so that it protruded as far as pos- 
sible above the top. The water bath was 
held at 26.5° C. After a 30-minute equili- 
bration period, readings were taken at 15- 
minute intervals for 2 hours. Three oxy- 
gen-consumption determinations with 
three replications were made for each 
strain. Data were recorded as cubic milli- 
meters of oxygen per hour per gram of live 
flies. 

Three-tenths microgram of p,p'-DDT 
in 1.14 microliters of acetone was applied 
to the thorax of the flies by means of a 
micrometer-driven syringe, and mortali- 
ties were determined 24 hours later. Three 
series of 100 flies, with four replicates in 
each series, were tested on different days. 
The flies were held in 600-ml. beakers, 
supplied with food, and stored in the rear- 
ing room until mortality counts were 
taken. 

SourcES OF StTrains.—The — term 
“strain” is used here to designate any 
group of flies that has been inbred for 
several generations. The strains may or 
may not have arisen from different stocks 
or populations. Where strains arose from 
the same stock or population, differences 
in rearing technique or selection for resist- 
ance to an insecticide were used as bases 
for strain differentiation. 

Susceptible strains S-F, S-M, and S-B 
were all derived from NAIDM_ 1948 
stock, but each strain had been reared un- 
der somewhat different conditions and 
inbred for approximately 2 years prior to 
these experiments. Larvae of all these 
strains had been reared in NAIDM me- 
dium. Those of strains S-F and S-B were 
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allowed to pupate in the medium in the 
usual manner, whereas those of strain 
S-M were forced from the medium with 
water and only those larvae that came to 
the surface were selected for pupation. 
Adults of all three strains had been fed 
differently. Strain S-F was fed a 1:1 mix- 
ture of dried whole milk and sugar with 
water given separately. S-M and S-B 
were fed a 2:1 mixture of skimmed milk 
and water, but S-M had 1 part of formal- 
dehyde added to 3750 parts of the diluted 
milk as a preservative. 

Strain S-51 was derived from the CSMA 
(NAIDM) 1951 stock. Its developmental 
cycle is 10 days. Strain S-RV was derived 
from pupae of a susceptible laboratory 
strain received from the Citrus Experi- 
ment Station, Riverside, California. 
Strain S-OR was derived from pupae of 
the susceptible laboratory colony received 
from the Orlando, Florida, laboratory of 
the Bureau. The DDT-resistant ancestors 
of strain R-OB were originally selected 
from strain S-OR, about 110 generations 
previously. 

Three resistant strains were maintained 
for this study. Strain R-OB was derived 
from the Orlando strain selected for DDT 
resistance by Lindquist & Wilson (1948), 
and each succeeding generation was se- 
lected for a high degree of resistance in the 
Beltsville laboratory. Strain R-BF was 
derived from the Bellflower resistant 
strain received from the Citrus Experi- 
ment Station. Strain R-ED was derived 
from a resistant strain received from the 
entomology laboratory of the Army Chem- 
ical Center, Edgewood, Maryland. Strain 
R-BF and R-ED were not further selected 
for DDT resistance during the course of 
these experiments. 

CHOLINESTERASE Activiry OF Heap 
TissuE.—The cholinesterase activity 
(ChE) of fly heads was found to vary con- 
siderably within a strain between gen- 
erations, and even between different popu- 
lations of the same generation. In order 
to obtain values subject to statistical anal- 
ysis, comparisons between strains were 
based on replications from the same sam- 
ple. 

The experiment (Babers & Pratt 1950) 
in which the cholinesterase activity of 
heads of resistant strain R-OE was found 
to be lower than that of susceptible strain 
S-F for the first 5 days of adult life was 
repeated 2 years later. Each strain had 
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completed 33 generations since the first 
experiment, and the resistance of strain 
R-OB had been increased considerably. 
When the data (Table 1) were analyzed 
statistically for difference between means 
of correlated samples, the ChE activity 
of strain R-OB was significantly lower 
than that of S-F in 1949 but not in 1951. 


Table 1.—Cholinesterase activity of head 
tissue of susceptible and resistant strains of 
house flies. Cubic millimeters of carbon dioxide 
per minute. 








1949 1951 
GENERATIONS GENERATIONS 
AGE (pDAyYs) S-F R-OB- S-F R-OB 


| 
| 
| 





~ 
ae 


1 3.9 2.3 5.$ 5.9 
2 4.8 bg (ee 5.5 
3 4.1 3.1 6.2 6.8 
+ 4.5 3.2 6.5 6.4 
5 $8.4 $8.3 7.2. 64 
Mean di. «3.2 6.6 6.2 
Mean difference 0.9 0.4 
Significant difference 
between means at 
5% level 0.7 ee! 





In order to study the normal variation 
in ChE activity between strains, deter- 
minations were made on six susceptible 
strains simultaneously (Table 2). When 
the data were subjected to an analysis of 
variance, differences between 12 of the 15 
possible comparisons were statistically 
significant, 1 was of borderline signifi- 
cance and 2 were not significant. The fact 
that the range in values of 2.6 is greater 
than the mean difference between strains 
S-F and R-OB might indicate that this 
difference is attributable to normal strain 
variation. Assuming this to be the case, 
then simultaneous comparisons of several 
susceptible with several resistant strains 
should yield variable ChE values showing 
no correlation with resistance. Deter- 
minations were therefore made of the 
ChE activity of three susceptible and 
three resistant strains, each strain being 
replicated five times and the same tissue 
brei being used for each replication. 

The data in table 3 indicate that the 
resistant strains tend to have less ChE 
activity than the susceptible strains. The 
most resistant strain, R-OB, has signifi- 
cantly less ChE activity than all the sus- 
ceptible strains. The activity of strains 
R-BF and R-ED is significantly lower 
than that of strain S-51, but not signifi- 
cantly different from that of strains S-F 
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and S-RV. Differences within susceptible 
and resistant strains are not significant. 
Table 2.—Cholinesterase activity of head 


tissue of six susceptible strains of house flies. 
Cubic millimeters of carbon dioxide per minute. 








STRAIN 
S-F 
S-M 
S-B 
S-51 
S-RV 
S-OR 
Significant difference at 5% level 


Mean ChE Activity 





Cr Or & Or 
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Table 3.—Cholinesterase activity of head tis- 
sue of three susceptible and three resistant 
strains of house flies. Cubic millimeters of car- 
bon dioxide per minute. 











STRAIN Mean ChE Activity 
Susceptible 
S-F 6.3 
S-51 6.7 
S-RV 6.3 
Resistant 
R-OB 5.3 
R-BF 5.7 
R-ED §.7 
Significant difference at 5% level 0.5 
OxyGEN ConsumpTion.—When _ the 


oxygen consumption of adults of strains 
S-F and R-OB was compared daily 
through 8 days of age, the oxygen con- 
sumed by R-OB was less on all but the 
second day. When the data were analyzed 
by Student’s method, the mean of 2450 
cu. mm. per hour per gram of strain R-OB 
was significantly less than the mean of 
2794 cu. mm. of strain S-F. When the 
susceptible strains S-RV and S-OR were 
compared with strain R-OB on the same 
basis, the oxygen consumption of S-RV 
was found to be significantly higher, but 
that of S-OR was not significantly differ- 
ent from that of R-OB. Strain S-RV was 
also significantly higher than S-OR. 

In another experiment the oxygen con- 
sumption of susceptible strains S-F, 
S-RV, and S-OR and resistant strains 
R-OB, R-BF, and R-ED were compared 
(Table 4). All strains consumed signifi- 
cantly less oxygen than strain R-ED, but 
no other differences between strains were 
sigificant. 

Morrauity Responsh To DDT.—The 
mean mortalities resulting from treating 
adult flies topically with 0.3 microgram 
of DDT are recorded in table 5. Of the 
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15 possible comparisons between strains, 
11 were significantly different, 1 was of 
borderline significance, and 3 were not 
significantly different. 

The mortalities of the three resistant 
strains were not studied, because levels 
of resistance are known to depend largely 
upon the degree and duration of selection 
for resistance to an insecticide. In previous 
research strain R-OB was found to re- 
quire 900 micrograms of DDT applied 
topically in acetone to give an LD-50, 
whereas R-BF required 40 micrograms. 
Strain R-ED was somewhat less resistant 
than strain R-BF. 


Table 4.—Oxygen consumption of three sus- 
ceptible and three resistant strains of house 
flies. Cubic millimeters of oxygen per hour per 
gram of live flies. 








MEAN OXYGEN 


STRAIN CONSUMPTION 
Susceptible 

S-F 2155 

S-RV 2235 

S-OR 2283 
Resistant 

R-OB 2060 

R-BF 2344 

R-ED 2995 

Significant difference at 5% level 497 





Table 5.—Mortality of six susceptible strains 
of Musca domestica when treated topically with 
0.3 microgram of DDT. 








MEAN Per Cent 


STRAIN Mortatity 
S-F 7.2 
S-M 49.8 
S-B 83.7 
S-51 58.3 
S-RV 14.2 
S-OR 29.1 
Significant difference at 5% level 15.3 





Discussion.—The average ChE activ- 
ity of the heads of all six susceptible 
strains determined at various times over 
the period of a year was 5.52 cu. mm. 
of carbon dioxide per minute, or 13 micro- 
moles of hydrolyzed acetycholine per 
milligram of brain tissue per hour. This is 
in good agreement with the value of 
11 micromoles of acetylcholine per milli- 
gram of brain tissue per hour reported by 
Metcalf & March (1950), and confirms 
their finding that the ChE activity of 
brain tissue of house flies is of the same 
order of magnitude as that of the electric 


organ of certain electric eels. 

Data obtained over a year’s time were 
available for determining an average ChE 
activity value only for strain R-OB. The 
average value of 5.54 cu. mm. of carbon 
dioxide per minute thus obtained is not 
significantly different from that of the 
susceptible strains. It should be noted, 
however, that in many of the determina- 
tions susceptible and resistant strains 
were not run simultaneously. Even when 
determined simultaneously, — significant 
differences between susceptible and re- 
sistant strains may be apparent in some 
cases but not in others (Tables 1 and 3). 
The data in table 3 are means of five daily 
replications. In all replications except one, 
all resistant strains showed lower activity 
than all susceptible strains. It seems im- 
probable, therefore, that the lower values 
for the resistant strains are due entirely 
to strain variation as observed in table 2. 

Although preparation of tissue breis 
and techniques of ChE determination 
were carried out under standard proce- 
dures, sources of errors, such as the degree 
of grinding tissues and the rate of solution 
of the enzyme in 30 per cent glycerol, are 
not well known. Whether a real difference 
in ChE activity exists between S and R 
strains remains in doubt. 

The experiments on oxygen consump- 
tion show even more clearly than those on 
ChE activity that misleading interpreta- 
tions can result when only two strains are 
compared. Statistically significant differ- 
ences in oxygen consumption were appar- 
ent between strains S-F and R-OB and 
between S-RV and R-OB. A third sus- 
ceptible strain, S-OR, however, was not 
significantly different from R-OB. It is of 
interest that S-OR is the original labora- 
tory strain from which R-OB was selected 
for resistance to DDT. One might specu- 
late that the observed differences between 
the susceptible strains S-F and S-VR and 
the resistant strain R-OB were due to 
true strain differences and were not re- 
lated to susceptibility to DDT. Strains 
S-OR and R-OB, being from the same 
stock, might be assumed to have similar 
oxygen consumption. 

In subsequent experiments, in which 
all these strains were compared simul- 
taneously, the differences observed above 
did not occur. The significantly higher 
oxygen consumption of R-ED over all 
other strains (Table 4) cannot at present 
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be explained. Within resistant strains 
there may be an indication that decreasing 
oxygen consumption is correlated with in- 
creasing resistance, since in table 4 the R 
strains are listed in order of decreasing 
resistance. Further research is needed to 
establish this point. 

McGovran & Gersdorff (1945) have 
shown that susceptibility of house flies to 
DDT and pyrethrum varies with the type 
of food provided adults before and after 
treatment with the insecticide. Upholt 
(1950) has pointed out that the adapta- 
bility to adverse conditions, which is 
characteristic of house flies, is associated 
with a high frequency of gene mutations. 

The variations in mortality evident in 
table 5 then would be expected of several 
strains that had been subjected to the 
variations in nutrition, pupal selection, 
and geographical location described ear- 
lier. 

Strains S-F, S-M, and S-B illustrate the 
wide differences in susceptibility to insec- 
ticides that may occur under seemingly 
slight variations in methods of rearing 
populations from the same original stock 
of flies, 7.e., the NAIDM 1948 stock. Dif- 
ferences between these strains, for exam- 
ple, were greater than between the two 
strains S-RV and S-OR, which were 
widely separated geographically. Al- 
though these strains are from areas of 
similar temperature, they were reared for 
many generations in these areas under the 
same laboratory conditions of tempera- 
ture and humidity as all the strains stud- 
ied in these experiments. It is problemati- 
‘al whether strains S-RV and S-OR main- 
tained certain characteristics attributable 
to climatic adaptation after propagation 
for several generations under constant 
conditions of temperature and humidity. 
Indeed, the effects of climate on physio- 
logical responses of house flies can only be 
conjectured. 
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A case in point occurred in this labora- 
tory and also in the Orlando laboratory. 
The resistant strain R-BF, which devel- 
oped resistance to DDT in the field, was 
further selected for resistance in the labo- 
ratory for several generations, and it then 
maintained its resistance for more than 35 
generations without further selection. 
When pupae of this strain were shipped 
to these laboratories, and the strain was 
reared without selection for DDT resist- 
ance, the resistance dropped rapidly dur- 
ing 10 generations, when it was only 
slightly more resistant than the suscepti- 
ble laboratory strain, S-F. 

This behavior is somewhat analogous 
to that of the arsenic-resistant tick Boo- 
philus decoloratus (Koch) in South Africa 
observed by Whitnall & Bradford (1947). 
It was found that when cattle infested 
with arsenic-resistant ticks were trans- 
ferred inland from coastal areas the ticks 
disappeared. The authors concluded that 
the ticks either were unable to survive in 
the new environment or were normally 
susceptible to treatment with arsenic. 

SumMARY.—Cholinesterase —_ activity, 
oxygen consumption, and mortality re- 
sponse to DDT were determined in six 
susceptible and three resistant strains of 
house flies, Musca domestica L. Consider- 
able variation in cholinesterase activity 
was found among the susceptible strains. 
It is therefore questionable whether the 
lower activity occasionally observed in re- 
sistant strains is a true strain difference. 
Differences in oxygen consumption were 
statistically significant when one 
ceptible strain was compared with one re- 
sistant strain, but were not significant 
when three susceptible strains were com- 
pared with three resistant ones. Six sus- 
ceptible strains showed considerable vari- 
ation in mortality when treated with DDT 
topically. 
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Chemical Control and Resistance to Insecticides by 
Agricultural Pests! 


Frank H. Bapers, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Most of the entomological literature on 
resistance covering the period 1946-1951 
seems to indicate that resistance is a 
problem that affects only the medical 
entomologist or one interested in public 
health. However, resistance is not new in 
agriculture. 

Melander (1914) reported on the fail- 
ure of lime-sulfur to control the San Jose 
scale, Aspidiotus perniciosus Comst., in 
areas in which it had formerly been ef- 
fective. Many years earlier J. B. Smith 
(1897) had noted differences in the ef- 
fectiveness of kerosene in different areas. 
Melander’s report was received with 
about as much skepticism as were the 
first reports of DDT-resistant house flies 
in 1947. The economic impact of the re- 
sistance was lessened because oil emul- 
sions proved effective in controlling the 
resistant scales. Two years later Quayle 
(1916) reported that both the California 
red scale, Aonidiella aurantii (Mask), and 


the black scale, Saissetia oleae (Bern.), 
were resistant to hydrogen cyanide gas. 
Here also the resistant insects were con- 
trolled by oil emulsions, and today, after 
more than 30 years’ use, they are still 
effective. After testing progeny of resist- 
ant California red scales that had been 
reared for 49 generations without exposure 
to insecticides, Yust et al. (1951) found 
that resistance to hydrogen cyanide was 
still high, indicating that, once resistance 
is acquired by the scales, it is not readily 
lost. 

The codling moth, Carpocapsa pomo- 
nella (L.), appeared in Colorado about 
1891, and the use of lead arsenate for its 
control began 3 or 4 years later. By 1928 
resistance was present (Hough 1928), al- 
though many observers blamed the poor 
control obtained with lead arsenate on 


1 Presented at the meeting of the Eastern Branch of the Ameri- 
can Association of Economic Entomologists, Baltimore, Md., 
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the method of application, the chemical 
manufacturer, or the weather. The num- 
ber of spray applications per year was 
trebled, and the dosage was increased 
from 2 pounds per 100 gallons of spray to 
4 or more, but still effectiveness decreased. 
According to Palm (1950) the situation 
finally became so critical in New York 
State that many apple orchards were 
abandoned since it was no longer possible 
to operate them at a profit. 

Then there was the resistance of citrus 
thrips, Scirtothrips citri (Moult.), in cer- 
tain areas of California to tartar emetic- 
sucrose sprays. The resistance, although 
not spectacular nor of great economic 
importance, was a definite part of the 
situation that was evolving. 

The ubiquitous red spider mite al- 
though not an insect is generally classed 
as one by the public. In addition to having 
a long history as a pest, it has been in the 
forefront of the resistance story. As Floyd 

_ Smith points out in the 1952 Yearbook of 
Agriculture, one pair of red spider mites 
theoretically could give rise to over 13 
million descendents in 1 month alone. 


The need for control is evident. The pest 
is not at all particular in its habits. If a 


sheltered greenhouse is not avaliable, 
almost any orchard will do for a home. 
Though roses are a preferred food, beans, 
cucumbers, tomatoes, sweet peas, violets, 
and many other plants are attacked 
freely. 

Early efforts to control the mites were 
made by syringing with water, dusting 
with sulfur, or spraying with lime-sulfur. 
Rigid cultural-control practices were fol- 
lowed by fumigation with chemicals that, 
because of phytotoxicity, could not be 
used on growing plants. Vaporized naph- 
thalene was employed in 1929, but the 
vapors could be tolerated by only a few 
plants. Derris and rotenone sprays were 
used for a time, and then a complex sele- 
nium-containing compound, Selocide, was 
introduced. This material was effective 
for only a short period. In this connection 
I do not find the word “resistance” used. 
However, that was probably what caused 
the failure. Sodium selenate, one of the 
first compounds used as a systemic in- 
secticide, proved effective, but owing to 
its high toxicity to warm-blooded animals 
and the lack of an antidote, it could only 
be used on ornamental plants. Azoben- 
zene was introduced as an insecticide in 
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1936 and for spider mite control several 
years later. Despite its damage to plants 
and the unsightly residues, its effective- 
ness caused its continued use until the 
insecticides introduced during and since 
the war became available (Smith 1952). 

This brings us up to what might be 
called the DDT era. I am sure that you 
have heard many times that both DDT 
and BHC were first synthesized many 
years ago, but their usefulness as insecti- 
cides is a relatively recent discovery. 

Patents for the use of DDT as an in- 
secticide were obtained by the Geigy 
Company in 1939, and DDT was used 
very effectively against an outbreak of the 
Colorado potato beetle, Leptinotarsa de- 
cemlineata (Say), in Switzerland in 1940-— 
1941. The Geigy Company in 1942 al- 
lotted a ton of 5 per cent DDT powder to 
the Swiss army, and the same year 150 
tons were used in Switzerland against 
agricultural pests. Early in 1942 samples 
of 5 per cent DDT reached England and 
the United States. The early test results 
were so outstanding that large-scale pro- 
duction soon started in this country. By 
January 1944, owing to the production in 
the United States, enough DDT was 
available for large-scale use, and during 
that month in Naples, Italy, alone 1.3 
million civilians were dusted at two de- 
lousing stations to stop a typhus epidemic 
within a few days. By April 1945 DDT 
was being produced in the United States 
at the rate of over 30 million pounds per 
year, nearly all of which was going to the 
Armed Forces (West & Campbell 1946). 

DDT and BHC were not available for 
civilians until the war was over, and 1946 
was the first year that large supplies 
were available for such use. Since the war, 
chlordane, dieldrin, aldrin, toxaphene, 
and the organic phosphorus insecticides 
have been introduced. 

McAlister & Shepard (1953) used some 
figures that seem to warrant repetition. 
In 1935 about 215 million pounds of pre- 
pared insecticides were used in this coun- 
try. In 1951 about 60 million pounds of 
dieldrin, aldrin, chlordane, and toxa- 
phene combined, 9.6 million pounds of 
gamma isomer of benzene hexachloride, 
4.7 million pounds of parathion, 7 million 
pounds of rotenone, 72.7 million pounds 
of DDT, and 1.4 million pounds of TEPP 

a total of 155.4 million pounds before 
formulation—were used. That the arsen- 
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cals had not been abandoned was indi- 
cated by the fact that 31.5 million pounds 
of lead arsenate and 39.3 million pounds 
of calcium arsenate were also utilized. 
\Vhen one considers the sulfur, pyrethrum, 
and all other materials, well over a billion 
pounds of formulated insecticides prob- 
ably were applied in this country alone. 

In 1946-1947, as a result of first expe- 
riences with the new insecticides, the out- 
look was so rosy that there was serious 
talk of eradicating many insect species. 
States launched house fly-control pro- 
grams, mostly based on the use of DDT. 
Many thousand square miles of land that 
had formerly been inhabited by mosqui- 
toes and similar pests became resort areas. 
Following widespread use of insecticides, 
typhus, malaria, and some other insect- 
horne diseases were almost—and note I 
say almost—a thing of the past. Bed bugs, 
Cimex lectularius L., and codling moths 
hecame so scarce that it was difficult to 
collect specimens to start laboratory col- 
onies in this country. 

In 1952, after less than 6 years’ use of 
chemicals more effective than was be- 


lieved possible in 1940 except by a few 
optimists, what is the current picture? 


The recent publicity concerning the re- 
sistance of insects affecting man and ani- 
mals has brought that situation to the 
forefront, particularly the failure of DDT 
against the mosquito, louse, and house 
fly. But what about agricultural pests? 

Up to the present the resistance of only 
a few species has been clearly established, 
hut their resistance should give warning 
of what may be expected. 

The imported cabbageworm, Pieris ra- 
pae (1..), has been reported as resistant 
to DDT and methoxychlor in a small 
area in Wisconsin (McEwen & Chapman 
1952). 

Following spectacular initial 
with parathion, greenhouse growers in 
several areas have abandoned its use 
against spider mites because of the de- 
velopment of resistance. Several species 
are involved (Smith 1952). Resistance of 
the mites infesting fruit trees has also 
been reported (Newcomer 1951). 

In Terre Haute, Indiana, to obtain 
satisfactory control of the garden centi- 
pede, Scutigerella immaculata (Newp.), 
it has been necessary to increase the dos- 
age of DDT from 4.5 pounds per acre to 
25 pounds. 
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No livestock ticks resistant to insecti- 
cides have been reported from this country. 
But in South Africa, Whitnall et al. (1952) 
report the blue tick, Boophilus decolo- 
ratus (Koch), has become resistant to 
arsenic dips, BHC, chlordane, and toxa- 
phene. Resistance to arsenic took years 
to develop, but 18 months after BHC was 
first applied, with spectacular early re- 
sults, resistance appeared. Concerning 
the ticks’ resistance to insecticides to 
Haarer (1950) “it seemed that news such 
as this quietly trickling through scientific 
circles, and appearing in small sections of 
the overseas press, is enough to make 
headlines as big as those concerning the 
new atomic bomb, if only the significance 
of the matter were properly understood.” 

The German cockroach, Blattella ger- 
manica (L.), is considered a household 
rather than an agricultural pest, but be- 
‘ause of its wide distribution and general 
nuisance value, its development of resist- 
ance is of universal interest. In several 
areas chlordane, lindane, and DDT no 
longer give control of this insect. Pest- 
control operators are again using the 
very poisonous sodium fluoride and in- 
tensifying the use of pyrethrum against 
the pest (Heal et al. 1952). 

In Hawaii the oriental fruit fly, Dacus 
dorsalis Hendel, reared for four genera- 
tions in the laboratory with each gen- 
eration being exposed to DDT, has de- 
veloped some resistance (Carter 1952). 
However, this resistance has not increased 
following continued exposure.” 

In Arizona termites in some areas are 
becoming more difficult to control with 
pentachlorophenol. In North Carolina the 
bollworm, Heliothis armigera (Hbn.), is 
not responding as in the past to chemicals 
currently recommenddd for its control.* 

According to Jenkins (1952), “We do 
not have definite evidence of codling 
moth resistance from our work in Missouri. 
Occasionally we have a fruit grower who 
blames our increase in codling moth popu- 
lations on the DDT becoming less effec- 
tive. As far as we can tell there has been 
some other factor that has been respon- 
sible for the decrease in control.” 

A friend in Florida, who applies insecti- 
cides on a contract basis, informed me 
that in the fall of 1951 and the spring of 


2 Personal communication from B. A. Porter. 
Personal communications, C. Fletcher and R. 
F. C. Bishopp. 
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1952 many growers almost abandoned the 
use of insecticides other than parathion 
for control of the tomato hornworm, Pro- 
toparce quinquemaculata (Haw.). In spite 
of its disadvantages 2 per cent parathion 
dust was being used because of the re- 
peated failures of the materials previously 
used. 

In certain areas of New South Wales, 
growers reported that 2 per cent DDT 
and BHC dusts were failing to control 
Plutella maculipennis (Curt.) and Pieris 
rapae, although excellent control had 
previously been obtained by the use of 
these insecticides. Pasfield (1952) stated 
that tests showed “no evidence that the 
larvae were more difficult to kill than in 
1945 but the larger larvae were more dif- 
ficult to control with the previously rec- 
ommended dosage.” 

Reports such as these without confirma- 
tory evidence do not warrant jumping to 
the conclusion that resistance has devel- 
oped or is widespread among agricultural 
pests. On the other hand, the reports 
should not be lightly dismissed. We 
should remember that in 1947, when 
farmers and dairy operators first began 
commenting that DDT was becoming less 
effective against the house fly, many sug- 
gestions without adequate experimenta- 
tion were made to explain the failures. 
The use of hard or alkaline water, poor- 
quality or insufficient DDT, too much rain, 
too much sun, “other factors,”’ and igno- 
rant operators were all blamed. With a few 
exceptions the possibility that resistance 
had developed seems hardly to have been 
considered. If the same pattern is followed 
with agricultural insects, we may look for 
an increasing number of reports of insecti- 
cide failure, followed by the establishment 
of the fact that the failures were due to 
the development of resistance to the long- 
lasting postwar materials that were so 
spectacularly effective when first used. 

What is the solution? you ask. Is it 
substitute insecticides? My answer is— 
Probably no, unless an entirely new type 
is developed to which resistance will not 
develop. This is not likely. Is it synergists 
for currently used materials? I say no to 
that one too. In my opinion both of these 
measures currently must be regarded as 
temporary expedients only and not ex- 
pected to give permanent relief. I must 
emphasize that that is my personal opin- 
ion only, and that a number of friends, 
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whose judgment I respect highly, think 
otherwise. 

In his presidential address before the 
Zoology Section of the British Association 
for the Advancement of Science, V. B. 
Wigglesworth (Anon. 1950) gave strong 
warning against putting too much faith in 
insecticides. He said, “By all means let us 
use insecticides when we can do no better. 
But we should regard them as an admis- 
sion of failure, to be replaced by the more 
subtle and more remunerative methods of 
biology as soon as these can be worked 
out.”” He further stated that “anyone 
with the smallest acquaintance with 
practical problems knows that at every 
point practice is held up by lack of knowl- 
edge.”’ In West Africa sleeping sickness 
was reduced 98 per cent by the removal of 
a few species of shrubs and evergreens 
along the rivers where tsetse flies rested. 
In South Africa pine thrips were con- 
trolled by thinning out trees to admit 
more light and air. In England by selec- 
tion of sites that were unfavorable to 
aphids seed potatoes were grown free of 
the virus transmitted by the aphids. 

In this country the effectiveness of 
milky disease against the Japanese beetle, 


Popillia japonica Newm., and of insect 
predators on the control of the black scale, 


Saissetia oleae (Bern.), the cottony- 
cushion scale, Icerya purchasi Mask., 
and the citrophilus mealybug, Pseudococ- 
cus gahani Green, in California and against 
other species indicate that much can be 
done along biological lines. In 1888 the 
cottony-cushion scale threatened to de- 
stroy the citrus industry in that State. 
A ladybird predator, introduced in 1888- 
1889 from Australia had the scale under 
control in 2 years, and it has not been a 
pest since—over 60 years. By comparison, 
the record of effectiveness of the most po- 
tent insecticides becomes less impressive. 

Intensive research on insect physiology 
and the toxicology of insecticides may 
provide answers that will lead to the de- 
velopment of a series of insecticides with 
low toxicity to warm-blooded animals and 
specific toxicity for injurious insects. It is 
obvious that, in spite of resistance and 
other disadvantages, the many advan- 
tages of insecticides make continued large 
scale research on such materials impera- 
tive. However, insecticides, like high ex- 
plosives, should be regarded as invaluable 
tools under certain conditions, not a pan- 
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scea nor a final solution to the insect 
problems facing us today. 

A more intensive research program 
aimed at the development of cultural, 
ecological, and biological methods of con- 
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methods for the long-range control of 
insects coupled with the judicious use of 
insecticides for emergency outbreaks 
should give us a solution to the insect 
problem that would be lasting for many 


trol certainly seems indicated. Such years. 
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Effect of Spray Programs in Cherry Orchards on ‘Two 
Leafhopper Vectors of the Western X-Disease 
Virus in Washington!” 

H. R. Woure' and E. W. Antuox 


The western X-disease virus which 
causes a serious disease in peaches and 
cherries, has been transmitted experimen- 
tally by four species of leafhoppers (Wolfe 
et al. 1951, Anthon & Wolfe 1951). The 
most abundant of these vectors in the 
stone fruit orchards of central Washington 
are Colladonus geminatus (Van D.) and 
Scaphytopius acutus (Say). These two spe- 
cies probably play a leading role in the 
natural spread of the virus. C. geminatus 
and S. acutus thrive especially well on 
alfalfa but are often found on stone fruit 
trees, especially where alfalfa is used as a 
cover crop. A high population of the insect 
vectors in the cover crop is generally cor- 
related with large numbers of the insects 


feeding in the trees. Once they have fed on 
a diseased tree, they may be able to trans- 
mit the virus when they feed on healthy 
trees. 

During the last 5 years, the authors 
have noted a slight reduction in the popu- 
lation of the leafhopper vectors of the 
western X-disease virus in central Wash- 
ington. It is suspected that the increased 


1 Scientific Paper No. 1226, Washington Agricultural Experi- 
ment Stations, Pullman. Project No. 848. 

2 This work was done at the Tree Fruit Experiment Station 
Wenatchee, Washington, and represents cooperative efforts of 
the following agencies: the Washington State Department of 
Agriculture, the Washington Agricultural Experiment Stations, 
and the United States Department of Agriculture. 

3 Supported by the Washington State Department of Agri- 
culture. 

‘Supported in part by the United States Department of 
Agriculture, Bureau of Entomology and Plant Quarantine. 
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use of organic insecticides throughout this 
area may have been at least partly respon- 
sible. 

Cherry fruit fly sprays were applied to 
many cherry orchards for the first time 
during 1952 in the Wenatchee Valley 
area. Orchards which previously had been 
receiving occasional sprays were then 
placed under a regular spray program in 
which parathion sprays were dominant. 
This offered a good opportunity to deter- 
mine if such treatment was killing the 
insect vectors of the western X-disease 
virus. The experiments herein recorded 
were conducted during 1952. 

The first experimental site was a sweet 
cherry orchard with an alfalfa cover crop 
which consistently supported a high pop- 
ulation of Colladonus geminatus during the 
past 5 years. Only occasional sprays were 
applied to this cherry orchard during the 
last few years. 

The spray program began May 19 with 
an application of parathion for fruit tree 
leaf roller, Archips argyrospila (Wlkr.), 
followed by four sprays (three parathion 
and one tetraethyl pyrophosphate 
[TEPP}) for cherry fruit fly, Rhagoletis 
cingulata (Loew); the last was applied 
July 28. Ten days after the first spray 
application, sweeps were made in the 
cover crop to determine the efficacy of the 
spray program on the suppression of the 
leafhoppers. Additional sweeps were made 
at regular intervals throughout the season 
up until October 14. 

An unsprayed cherry orchard in the 
same locality was used as a “check”’ for 
the experiment. Sweeps were made regu- 
larly during the entire season in the alfalfa 
cover of this orchard on the same dates as 
in the experimental orchard. These counts 
showed that the leafhopper population in 
the untreated orchard remained higher 
than in the test plot, with the exception 
of a period during August which corre- 
sponds with the usual low general popu- 
lation of Colladonus geminatus throughout 
the area. 

Parathion applied at 1 pound of 25 per 
cent wettable powder per 100 gallons of 
spray gave good control of Colladonus 
geminatus (Table 1). As soon as the resid- 
ual action of the insecticide was gone, 
however, the leafhopper population began 
to build up again. The poor residual action 
of TEPP apparently allowed a. slight 
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Table 1.—Effect of parathion and TEPP on 
the leafhopper, Colladonus geminatus, in cherry 
orchard cover crop. Wenatchee, Washngton, 
1952. 





INSECTS PER 1000 
SWEEPS IN AL- 
FALFA COVER 


AMOUNT Crop? 
PER 100 ——--~ 
Spray MArTeRIALs GALs. Sweep Treated Check 


Dates! Usep SPRAY Dates Plot Plot 
5/19 Parathion 
25% W.P. 1 Ib. 


5/29 13 87 
6/4 Do. 1 Ib. 
6/9 0 82 
6/17 Do. 1 Ib. 
6/24 0 380 
7/1 TEPP 20% 
emulsion 4 pt. 
7/8 13 25 
7/22 4 12 
7/28  Parathion 
25% W.P. 1 Ib. 
8/4 0 OS 
8/18 1 4 
9/2 2 11 
9/16 12 49 
9/30 9 48 
10/14 18 56 





1 Applied by airblast machine which thoroughly sprayed cover 
crop as well as the trees. Spray on May 19 applied for fruit tree 
leatroller. The additional sprays were for cherry fruit fly. 

2 One full stroke with a net 15 inches in diameter with handle 
3.5 feet long was counted as 1 sweep. 

8 The population of Colladonus geminatus is normally low at 
this time of year. 


build-up of insects before the next spray 
was applied. 

In another experiment a group of 15 
sleeve-type cages, each containing 25 
adult Colladonus geminatus, were placed 
over limbs of cherry trees just prior to a 
treatment of parathion at 1 pound 25 per 
cent wettable powder per 100 gallons of 
spray. This orchard was sprayed with a 
conventional hand gun. Cages examined 
24 hours after application showed 98 per 
cent mortality of leafhoppers. There was 
complete kill after 48 hours. Equal num- 
bers of leafhoppers were held in cages on 
unsprayed trees as checks. The numbers 
of these insects which died varied from 
1 to 6 per cage. This is the usual mortality 
expected in handling the insects. 

The effect of methoxychlor used at 8 
pounds of 50 per cent wettable powder 
per 100 gallons was tested following the 
same procedure as in the above experi- 
ment, with the exception that both Col- 
ladonus geminatus and Scaphytopius acutus 
were used. Ninety-seven per cent kill of 
C. geminatus and 96 per cent of S. acutus 
was achieved 24 hours after treatment. All 
were killed within 48 hours. The mortalit 
rate of the control insects was normal. 

An experiment conducted in the same 
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manner as the two preceding experiments 
showed that TEPP used at 0.5 pint of 20 
per cent emulsion per 100 gallons gave 99 
per cent control 24 hours after spray appli- 
cation and 100 per cent control 48 hours 
after treatment. Expected mortality oc- 
curred in the check plot. 

Another experiment was conducted to 
determine the residual action of parathion 
on the leafhoppers, Colladonus geminatus 
and Scaphytopius acutus. A spray was 
applied at 1 pound of 25 per cent wettable 
powder per 100 gallons of spray. Sleeve- 
{ype cages, each containing 25 adult leaf- 
hoppers, were placed over limbs of cherry 
trees which had been sprayed 10 days ear- 
lier. The 10-day period is the usual period 
between spray applications for cherry 
fruit fly control in Washington. The cages 
were placed in three positions in the tree: 
low, medium and high. These cages were 
examined for dead leafhoppers after ex- 
posure to the sprayed trees for periods of 
1, 3, 4 and 6 days. Mortality counts could 
not be made beyond the 6-day period 
hecause an additional spray was applied 
at the end of that period. 

Parathion spray residues, 10 days after 
application, still killed leafhoppers (Table 
2). A 6-day exposure was required for 100 
per cent mortality of Colladonus gemina- 
‘us, and 96 per cent mortality was ob- 
tained with Scaphytopius acutus during 


Table 2. 
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that same period. Leafhoppers in cages on 
unsprayed trees showed the normal reduc- 
tion of from 1 to 6 insects per cage. 

At Vantage, Washington an experiment 
was conducted to determine how soon the 
most common vector, Colladonus gemi- 
natus, moves into an orchard after a 
spray has been applied. In this orchard 
the population of leafhoppers, both in 
trees and in the alfalfa cover crop, was 
exceptionally high. 

On May 20, parathion at 1 pound 25 
per cent wettable powder per 100 gallons 
was applied by conventional hand gun to 
a plot of cherry trees. An adjacent un- 
sprayed plot was used as a control. 
Counts, before and after spray, were made 
by net sweepings in the trees and in the 


Table 3.—Mortality of Colladonus geminatus 
in alfalfa cover crop following application of 1 
pound 25 per cent wettable parathion per 100 
gallons to cover crop and cherry foliage. Van- 
tage, Washington, 1952. 








NuMBER OF INSECTS PER 
500 SWEEPS IN ALFALFA 
Cover Crop 
Check 
Plot 


Treated 
Plot 


Time or Count 
147 
111 
123 
108 


Prior to application 154 
24 hours after 0 
48 hours after 

10 days after 42 





Residual kill by parathion on sweet cherry foliage of the leafhoppers, Colladonus gemi- 


natus and Scaphytopius acutus, caged on trees 10 days after application;! 25 insects per cage. Wenat- 


chee, Washington, 1952. 





C. geminatus 


PosITION 
OF CAGE | 3 i 
IN TREE? Day Days 


(CAGE 


No. 


I low 20 4 1 
¢ medium 0 0 
high l 0 
low 0 0 
medium 0 0 
high . 0 0 
low j 0 0 
8 medium ‘ 3 l 
9 high q 1 0 
10 low 0 0 
11 medium 0 0 
12 high ‘ ] 0 


Days 


NuMBER OF LEAFHOPPERS ALIVE AT DIFFERENT PERIODS OF 
EXPOSURE TO SPRAYED TREES 


S. acutus 


6 ] 3 t 6 
Days Day Days Days Days 


_, 


15 13 
20 18 
21 20 
24 17 
19 i8 
21 18 


ty 
Om OoNSD 


oo 


Vato DTD 
— i) 


~ 





Applied by airblast machine at 1 pound 25 per cent wettable per 100 gallons spray. 


Low—3 to 5 feet from ground; medium—7 to 10 feet; high 


12 feet or above. 
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alfalfa cover. One full stroke with a net 
15 inches in diameter with a handle 3.5 
feet long was counted as 1 sweep. Counts 
from sweeps in trees were not high enough 
to be significant. Counts in alfalfa cover 
are shown in table 3. Spray drift appar- 
ently was responsible for a good kill in the 
cover crop; however, within 48 hours the 
adult leafhoppers were moving back into 
the treated plot. 

SumMMARY.—Experiments were _ per- 
formed to determine the effect of sprays 
applied regularly to sweet cherry orchards 
in Washington on the populations of in- 
sect vectors of the western X-disease 
virus. 

Parathion and_ tetraethyl pyrophos- 
phate (TEPP) applied for fruit tree leaf 
roller, Archips argyrospila (Wlkr.), and 
cherry fruit fly, Rhagoletis cingulata 
(Loew), materially reduced the popula- 
tion of the leafhopper vector, Colladonus 
geminatus (Van D.). Poor residual action 
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of TEPP spray, applied on July 1, how- 
ever, allowed a slight build-up of leaf 
hoppers. After the last parathion spray of 
the season was applied on July 28, the 
leafhopper population began to build up 
again as soon as the residual action of the 
insecticide was gone. 

Parathion applied at 1 pound of 25 per 
cent wettable powder, TEPP at 0.5 pint 
20 per cent emulsion, and methoxychlor 
at 3 pounds 50 per cent wettable powder 
per 100 gallons of spray were tried. Al] 
these insecticides killed the leafhopper 
vectors, Colladonus  geminatus — and 
Scaphytopius acutus (Say) 

After applying parathion at 1 pound of 
25 per cent wettable powder per 100 gal- 
lons, the leafhopper vectors began moving 
into an orchard within 48 hours. Residual! 
action of the insecticide killed most of the 
leafhoppers, however, even after exposure 
to trees sprayed 10 days earlier. 
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Spittlebug and Omnivorous Leaf Tier in Strawberries! 


Loyp L. 


The meadow spittlebug, Philaenus leu- 
cophthalmus (L.), and omnivorous leaf 
tier, Cnephasia longana (Haw.) are prob- 
lems in the production of strawberries in 
southwestern Washington. Rotenone has 
been the standard material for spittlebug 
control, but has not given as effective re- 
sults as desired. If spittlebugs are not 
satisfactorily controlled, it is often diffi- 
cult to obtain pickers to harvest the ber- 
ries. Larvae of the omnivorous leaf tier 
feed under the calyx and in the berries. 
Processors reject the strawberries if the 
leaf tier is observed. 

Experimental investigations were in- 
augurated to determine if a more satis- 
factory control of these strawberry pests 
could be obtained with the use of some of 
the newer insecticides. The most satisfac- 
tory control of spittlebugs on legumes was 
obtained with benzene hexachloride sprays 
(Weaver 1951). Ahmed et al. (1952) re- 


Stitt? and D. F. 


ALLMENDINGER?®* 


ported that benzene hexachloride gave 
the best control of spittlebugs on red 
clover. Weaver (1952) indicated that 1 to 
2 pounds a DDT per acre, applied 
the first week in September, gave best 
control of succeeding nymphal popula- 
tions. Both authors reviewed some of the 
recent literature on meadow spittle-bug 
control, but no references on control of 
spittlebugs on strawberries have been 
given since the newer insecticides have 
been available. 

MATERIALS AND Meruops OF APPLICA- 
TION.—Dusts were used in all experiments 
for control of these two pests. A power 
duster, equipped with two outlets per 


1 Scientific Paper No, 1224, Washington Agricultural Experi 
ment Stations, Pullman. Project No. 862 

2 Associate Entomologist, Western Washington Experiment 
Station, Puyallup. 

8 Superintendent and Horticulturist, Southwestern Washing 
ton Experiment Station, Vancouver. 

* The authors wish to acknowledge the ideas and assistance 


from Dr. D. F. Allmendinger’s station personnel. 
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row, was used for applying the dusts. The 
1949 tests were not arranged in a ran- 
domized block design; however, a ran- 
domized block design was used in 1951 
and 1952. All experiments were conducted 
in the strawberry plantings at the South- 
western Washington Experiment Station, 
Vancouver. 

Insecticides used in 1949 were: parathi- 
on 1 per cent; DDT 5 per cent-sulfur 25 
per cent; and TDE 5 per cent. Dusts were 
applied on April 19 and May 14. Amounts 
used per acre in pounds for the two appli- 
cations were: parathion 71; DDT-sulfur 
72; and TDE 75. Chlordane 5 per cent was 
used in a preliminary test in the same 
field. 

In 1951 parathion 1 per cent; malathon 
4.17 per cent; TDE 5 per cent; DDT 5 
per cent-sulfur 10 per cent; S-Mix No. 1 
(DDT 5 per cent, chlordane 3 per cent, 
parathion 1.0 per cent); and S-Mix No. 2 
(DDT 5 per cent, aldrin 1.5 per cent, 
parathion 1 per cent) were used. Amounts 
used per acre in pounds were: parathion 
30; malathon 31; TDE 19; DDT-sulfur 
29; S-Mix No. 1 25; and S-Mix No. 2 24. 
These dusts were applied once only, on 
April 25, 5:30-7:00 a.m. Plots were four 
rows wide and 50 feet long. 

In 1952 rotenone 0.75 per cent; DDT 
5 per cent-parathion 1 per cent; chlordane 
5 per cent; toxaphene 5 per cent; TDE 5 
per cent; and methoxychlor 5 per cent 
were used. Amounts used per acre in 
pounds were: rotenone 44; DDT-parath- 
ion 42; chlordane 42; toxaphene 46; TDE 
38; and methoxychlor 42. These dusts 
were applied only once, on May 1, 9:00— 
11:00 a.m. Plots were 17.5 feet wide and 
60 feet long. 

SPITTLEBUGS. Meadow spittlebug 
nymphs usually started to appear on 
strawberries shortly before early blossom 
development. Spittle masses usually were 
most abundant when the earliest fruits 
were ripe. Most spittle masses had dis- 
appeared and adults were present about 
mid-harvest. Spittle masses had “‘dried- 
up” before the 1951 examinations were 
attempted. 

Spittlebug infestation data were ob- 
tained by examining a number of crowns 
in each plot for number of spittle masses. 
In 1952 the number of spittle masses 
found in 30 seconds by two observers was 
compared with spittle found by examina- 
tion of a number of crowns. Average num- 


r 


Srirt & ALLMENDINGER: STRAWBERRY INSECT CONTROL 877 


bers of spittle masses per crown for the 
different insecticide treatments used in 
1949 were: chlordane 0.05; TDE 1.57; 
DDT-sulfur 1.93; parathion 7.03; and un- 
treated check 11.22. 

Spittlebug infestation data were taken 
on May 14 and May 29 in 1952, 13 and 28 
days after the dust applications. Some of 
the early maturing strawberries were ripe 
on May 29. Examinations on May 29 
consisted of counts of spittle masses on a 
set number of crowns and number of 
spittle masses found in 60 seconds, 30 
seconds for each observer. Data are pre- 
sented in table 1. Analysis of variance of 
transformed data (./x+0.5) was used to 
determine effectiveness of treatments. 

Omnivorous Lear Tier.—Omnivorous 
leaf tier larvae feed on strawberry foliage 
in early spring, often completing their 
larval development by feeding in the ber- 
ries. Entrance and exit from the berries 
is under the calyx or “‘cap.”’ During the 
last few years leaf tier larvae have com- 
pleted their feeding in the berries by the 
third picking. In 1951 and 1952 the straw- 
berry crop was late in maturing and only 
a few larvae or feeding tunnels were found 
during the first picking. 

Strawberries with calyx or “‘cap’’ were 
picked at random and examined for leaf 
tier infestation. The calyxes were re- 
moved and either tunnel or larvae counted 
as infested. Berries were collected at the 
second and third pickings in 1949 when 
the leaf tier was a serious pest. Data on 
infestation were taken from the June 3-4 
(second) picking and June 7-8 (third) 
picking. A summary of infestation data 
for the different insecticide treatments is 
presented in table 2. Due to low infesta- 
tions in 1951 and 1952 in the treated field, 
there was no trend indicated. 

Discussion.—Although BHC and lin- 
dane have given excellent results in spittle- 
bug control on legumes in the North Cen- 
tral and Eastern States, they were not 
used in these experiments due to possible 
tainting in successive crops such as po- 
tatoes. One per cent gamma isomer of 
BHC at the rate of 45 to 50 pounds per 
acre was applied by air to a cabbage seed 
crop grown in Puyallup sandy loam with 
a pH of 6.4. Potatoes grown in the same 
soil 4 years later were tainted. 

Chemical analyses of strawberries 
treated with 42 pounds of 5 per cent 
chlordane per acre showed residues of 
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Table 1.—Spittle masses on strawberries treated with different insecticides—Vancouver, Wash.— 


1952. 
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0.019 p.p.m. in the Northwest variety and 
0.015 p.p.m. in the Marshall variety. 

In recent years when DDT-sulfur or 
DDT-parathion was applied as suggested 
in the early bloom stage, processors have 
not rejected strawberries due to the pres- 
ence of the omnivorous leaf tier. In the 
DDT-sulfur mixture it is suggested that 
not over a 10 per cent sulfur content be 
used. 

Resutts.— All insecticides were applied 
as dusts for control of the meadow spittle- 
bug, Philaenus leucophthalmus (1.), and 
the omnivorous leaf tier, Cnephasia 


Table 2.—Omnivorous leaf tier infestation in 
strawberries treated with different insecticides— 
Vancouver, Wash.—1949. 
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longana (Haw.), in southwestern Wash- 
ington. 

Chlordane in 1949 and chlordane and 
toxaphene in 1952 gave best control of the 
meadow spittlebug. Parathion gave poor 
control in 1949. Rotenone methoxychlor, 
DDT-parathion and TDE all gave about 
the same degree of control. Results on 
control of spittlebugs by different treat- 
ments in 1952 indicated no definite dif- 
ferences whether data were taken 13 or 28 
days after treatment application, or if 
data on number of spittle masses were ob- 
tained by crown examination or unit of 
time observation. 

Of the materials tested against the 
omnivorous leaf tier, DDT-sulfur and 
TDE gave best control in 1949 when this 
insect was a serious pest. 

Strawberries collected from the 1952 
chlordane plots for chemical analyses of 
residues had 0.015 p.p.m. in the Marshall 
variety and 0.019 p.p.m. in the Northwest 
variety. 


5 Analyses were made by the Velsicol Corporation, Chicago, 
using the modified Davidow method. 
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The Effect of Various Therapeutic Agents on 
European Foulbrood! 


Joseru O. Morrett, Fort Collins, Colorado 


European foulbrood, a bacterial disease 
of honeybee larvae. probably caused by 
Bacillus pluton, has resulted in severe 
losses to Colorado beekeepers during the 
last decade. Because of the successful use 
f sulfa (Haseman & Childers, 1944) to 
control a similar bee disease, studies were 
undertaken to determine the value of some 
of the newer therapeutic agents in con- 
trolling European foulbrood. The Colo- 
rado Agricultural Experiment Station 
hegan work on this problem in 1949, al- 
though only the 1952 studies are reported 
in this paper. 

Review or Lirerarure.—Guilhon 
1948) reported that digalactoside of 
his(4-aminophenyl) sulfone gave good 
control of European foulbrood in France. 
Katznelson et al. (1952) found that terra- 
inyein, streptomycin, and to a lesser de- 
gree aureomycin effectively prevented 
European foulbrood. Chloromycetin ap- 
peared to increase the severity of the dis- 
ease. Brizard & Matrille (1952) tested the 
sulfone used by Guilhon. They reported 
slow but favorable improvement of dis- 
eased colonies in 1949, and unsatisfactory 
results on 170 colonies in 1950. One hun- 
dred thirty colonies were treated with 
streptomycin in 1950 and 1951 with a 
complete cleanup on European foulbrood 
and no recurrences (Brizard & Matrille, 
1952). Gochnauer (1951-1952)? obtained 
encouraging results with the use of strep- 
tomycin and terramycin in Minnesota. 

Ziabkin & Poltev (1952) reported that 
900,000 international units of penicillin 
per liter of sugar sirup completely cured 
European foulbrood diseased colonies 
when fed three to five times at 7 to 10 
day intervals between feedings. Disulfan 
fed at 0.3 gram per liter of honey cured 
advanced cases of EFB (Madatov, 1952). 
The colonies were fed eight liters of food 
containing the disulfan. During the honey- 
flow colonies were sprayed with a water 
solution of the disulfan. Gubler & Alleman 
1952) reported that 60 out of 65 colonies 
were cured of EBF when fed 0.1 gram of 
lerramycin per colony, 12 out of 18 colo- 
nies were cured when fed 0.2 gram, and 
14 out of 14 colonies were cured when fed 


1.0 gram of terramycin per colony. 
MarTertAts AND Mrtuops.—The colo- 
nies used in this study belonged to the 
beekeepers of the San Luis Valley and the 
San Juan Basin. The colonies in the San 
Juan Basin were moved to the San Luis 
Valley for this study. European foulbrood 
first appeared in the early part of June, 
and it had been contacted while the bees 
were being operated in the normal man- 
ner used by commercial beekeepers of the 
region. The colonies were loaned to the 
Experiment Station for this study. They 
were located in five different apiaries. 
The amount of disease present was 
estimated before the treatments were 
begun and again at various intervals after 
the treatments had been applied. The 
colonies were given a rating from zero to 
five. The meaning of each rating follows: 
Amount of Larvae Infected with 


Rating European Foulbrood 


0 None 
l Less than 1 per cent 


2 Less than 5 per cent and more than rating 


number 1 

a Less than 10 per cent and more than rating 
number 2 

Less than 25 per cent and more than rating 
number 3 

5 25 per cent or more 

Only the gross symptoms of the disease 
were considered in estimating the ratings. 

In the feeding tests, the therapeutics 
were dissolved in five-pound jars of sugar 
sirup consisting of one part water and one 
part sugar. Individual colonies were fed 
by inverting the five-pound jar over a 
glass chicken fount and placing it on top 
of the frames. The jar was protected by 
an empty hive body. 

The forms of the materials used and the 
companies supplying the materials were 
as follows: crystalline dihydrostreptomy- 
cin sulfate;? streptomycin, calcium chior- 
ide complex; penicillin crystalline G, po- 
tassium salt; crystalline terramycin 
HCL; diamidin;? promin;’ aureomycin 


1 Scientific Journal Series No. 412, Colorado Agricultural 
Experiment Station 

2 Personal communications from Thomas <A, 
1951-1952. 

3 Merck & Co. Inc. 

4 Schenley Distillers Inc. 

5 Charles Pfizer & Co., Inc. 

6 Parke, Davis and Co. 


Gochnauer, 
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Table 1.—The therapeutic agents fed, the amounts fed per colony, and their effect on European 
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foulbrood three weeks after the treatments had started. 








Tora Disease RatinG or CoLontes! 





NUMBER Treated Untreated 
Amount FEp or CoLo- 
THERAPEUTIC PER FEEDING NIES Before 3 Weeks Before 3 Weeks 
AGENT FeEp PER COLONY Feb Feedings Later Feedings Later 
Dihydrostreptomycin 0.2 gram is 44 68 15 4 
Terramycin 0.2 gram 10 33 102 33 30 
Penicillin 100,000 units 10 37 20 33 30 
Sulfone 1.0 gram 10 33 24 33 30 
Diamidin 1.0 gram 10 35 28 33 30 
Promin 1.0 gram 10 35 26 38 28 
Aureomycin 0.2 gram 5 16 5 18 14 
Aureofac 40.0 grams 5 17 10 18 14 
Streptomycin 0.2 gram 3 10 08 10 12 











HCL;’ and aureofac.? The material re- 
ferred to as sulfone in this paper was N,N- 


diaminodipheny] sulfone-digalactoside 
and was supplied by Parke, Davis and Co. 

FEEDING Trests.—The diseased colonies 
were fed first the middle of June and they 
were refed 1 week after the first feeding. 
The check colonies were fed the same 
amount of sugar sirup as the treated colo- 
nies, so that any stimulative effect of the 
sirup would be equal in both the treated 
and the untreated colonies. 

The number of check colonies left in 
ach apiary was equal to that given a spe- 
cific treatment so that it was possible to 
compare the effect on the colonies of any 
given treatment with an equal number of 
check colonies. The rating of the colonies 
3 weeks after the treatments were started 
was considered to be the best one for eval- 
uating the effect of the materials. 

The results of these feeding tests are 
shown in table 1. Several analyses of vari- 
ance were made of these data by Nellie 
Landblom.* The colonies fed dihydro- 
streptomycin and streptomycin showed a 

Table 2.—The results of spraying a fine mist of 
dihydrostreptomycin and streptomycin twice on 
the brood frames of colonies diseased with 
European foulbrood. 





ToraL Disease Rating On: 





June August 


NuMBER OF June 17 24 28 
ANTIBIOTIC COLONIES Before 
Usep SPRAYED Spraying After Spraying 
Streptomycin 5 19 14 10 
Dihydrostrepto- 
mycin 5 18 10 9 
Unsprayed 5 19 17 10 








1 The sum of the disease rating of all of the colonies in the group being studied. 
2 Significantly better than the untreated colonies at the 5% level. 
3 Significantly better than the untreated colonies at the 1% level. 







highly significant recovery from European 
foulbrood when compared to the check 
colonies. The terramycin-fed colonies 
showed a significant improvement in the 
disease when compared with the check 
colonies. None of the colony groups fed 
the other six materials showed a signifi- 
‘ant improvement when compared with 
the check colonies. 

SPRAYING TrEsts.—T wo different spray- 
ing tests were also conducted. One gram 
of the antibiotic was dissolved in a pint 
of sugar sirup. A fine mist of this sirup 
was applied with a hand sprayer to each 
brood frame after shaking off the adult 
bees. A pint of this material was sufficient 
to treat five colonies. In the first test the 
colonies were sprayed twice (Table 2). 
The first spraying was applied on June 17 
and the second on June 24. Fifteen colo- 
nies were used, five being sprayed with 
streptomycin, five with dihydrostrepto- 
mycin, and five being left as unsprayed 
checks. There was no significant difference 
between either the recovery rate of the 
colonies sprayed with the antibiotics or 
the recovery rate of the unsprayed colo- 
nies. 

A second spraying study was made on 
31 European foulbrood diseased colonies 
(Table 3). The same spraying procedures 
were followed as were used in the first 
spraying test except that the colonies 
were sprayed only once on July 14 or 15. 
Seven colonies were sprayed with a dihy- 


7 Lederle Laboratories. 
8 Research Statistician for the Colorado Agricultural Experi 
ment Station. 
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Table 3.—The results of spraying dihydro- 
streptomycin, terramycin, and a combination of 
the two antibiotics on European foulbrood dis- 
eased colonies. 








Tora Disease Rating On: 


July August 
July 18 30 27 
Before -— — 
After Spraying 


NUMBER OF 
ANTIBLOTIC COLONIES 
Usep SPRAYED Spraying 
Dihydrostreptomycin 7 25 7 8 
lerramycin 8 19 6 7 
Dihydrostreptomycin 
combined with 
Terramycin { 24 
Unsprayed 18 





drostreptomycin solution, eight with a 
terramycin solution, eight with a combi- 
nation dihydrostreptomycin-terramycin 
solution, and eight were left unsprayed. 
The combination spray contained one 
gram of dihydrostreptomycin and one 
gram of terramycin per pint of sirup, or 
two grams of antibiotics. There were no 
significant differences in the recovery rate 
between any one of the three groups of 
sprayed colonies and the unsprayed colo- 
nies in this test. 

SumMAry.—Nine materials were fed 
European foulbrood diseased colonies to 
determine their effect on the disease. The 
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streptomycin showed a highly significantly 
better recovery rate than did the un- 
treated colonies. The colonies fed terramy- 
cin showed a significantly better recovery 
rate than did the check colonies. The 
colonies fed the other six materials (peni- 
cillin, sulfone, diamidin, promin, aureo- 
mycin, and aureofac) showed no signifi- 
cant improvement over the untreated 
colonies. 

Diseased colonies were also treated by 
applying streptomycin, dihydrostrepto- 
mycin, terramycin, and a combination 
dihydrostreptomycin-terramycin spray in 
a thin mist to the brood frames. There 
were no significant differences between the 
recovery rate of the colonies receiving 
these treatments and the untreated check 
colonies. 

The results of this study, reports from 
other investigators, and experiences of 
commercial beekeepers indicate that the 
feeding of streptomycin, dihydrostrepto- 
mycin, and terramycin shows consider- 
able promise in controlling European foul- 
brood. Because European foulbrood often 
causes severe damage before it is discov- 
ered, the value of the antibiotics in pre- 
venting this disease needs to be deter- 


colonies fed dihydrostreptomycin and mined. 
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A Comparison of Evaporation Rates and ‘Toxicity 
to House Flies of Lindane and Lindane- 


Chlorinated Polyphenyl Deposits! 


Cuinc-Hs1 Tsao, W. N. Suntavan, and Irwin Hornstein, Bureau of Entomology 
and Plant Quarantine, Agricultural Research Administration, 


Methods of increasing the residual per- 
sistance of insecticides have been re- 
ported by many authors. Block (1948) 
and Lindquist et al. (1945) reported that 
the residual effectiveness of DDT was 
prolonged when it was applied in resins 
and paints. Van Tiel (1952) increased 
both the effective period and the toxicity 
of a DDT deposit on a glass surface by the 
addition of a small amount of coumarone 
resin to a DDT solution in kerosene. 

Sullivan & Hornstein (1953) found that 
a lindane residue remains toxic longer 
when it is incorporated with a chlori- 
nated polyphenyl. They suggested that the 
chlorinated polypheny! prevents the crys- 
tallization of the lindane, and cuts down 
the vapor pressure of the lindane in 
the mixture (Hornstein & Sullivan 1953). 
Means of prolonging the residual effec- 
tiveness of lindane were particularly 
needed, because of the rapid evaporation 
of this insecticide. A study was therefore 
undertaken at Beltsville, Md., from June 
to November 1952, to measure the loss of 
weight, through evaporation, of lindane 
and lindane-chlorinated polyphenyl de- 
posits on glass surfaces. Also the residual 
toxicity of such deposits was determined 
aginst house flies, Musca domestica L. 

Marertats Trestep.—The test solu- 
tions were made up by dissolving lindane 
and lindane-chlorinated polyphenyl in 
carbon tetrachloride. The chlorinated 
polypheny!] used in all this work is avail- 
able commercially as Aroclor 5460. 

Rate or Evaporation.—To_ deter- 
mine the rate of evaporation of deposits 
of lindane, chlorinated polyphenyl, and 
equal parts of lindane and chlorinated 
polyphenyl, test solutions were delivered 
from a burette onto cover glasses 0.72 
inch in diameter. For convenience in 
weighing, only cover glasses weighing less 
than 98.5 mg. were used. Individual cover 
glasses were weighed before and after the 
deposition of chemicals on a precision bal- 
ance that read to 0.01 mg. on the vernier 
scale. 

The cover glasses, with the side having 


U.S. Department of Agriculture 





882 





the chemical deposit up, were placed in a 
cupboard, 10 by 25 by 31 inches, in the 
laboratory. This cupboard had two sliding 
doors, which were closed during the aging 
of the deposits to minimize the accumula- 
tion of dust. However, to avoid setting up 
an equilibrium between the lindane in the 
air and the lindane on the cover glasses, 
the cupboard was not made airtight. The 
weights of the cover glasses were checked 
from time to time. 

The rate of evaporation was determined 
from the loss in weight of the deposits. 
The weight of a deposit was calculated by 
subtracting the weight of a cover glass 
from the weight of the cover glass with its 
deposit. The initial weight was deter- 
mined on the fourth day after the chemi- 
cal was deposited, because it was found 
that there was a rapid initial loss in weight 
in the chlorinated polypheny!] and lindane- 
chlorinated polyphenyl deposits, presum- 
ably owing to evaporation of the last 
traces of solvent. 

The rates of evaporation of lindane, 
chlorinated polyphenyl, and lindane-chlo- 
rinated polyphenyl deposits are given in 
figure 1. There is a straight-line relation- 
ship between the loss in weight of all de- 
posits and time. On the glasses with de- 
posits of lindane alone an initial deposit 
of 1.00 mg., corresponding to 300 mg. per 
square foot, lost half its weight in 23 
days, and completely evaporated in about 
50 days. The deposits on two out of five 
cover glasses could be barely seen on the 
45th day. An initial deposit of 1.31 mg., 
corresponding to 390 mg. per square foot, 
lost half its weight in 27 days and com- 
pletely evaporated in about 60 days. There 
were only very light and spotted deposits 
on the 59th day. 

On the glasses with the lindane-chlo- 
rinated polypheny! and chlorinated poly- 
phenyl deposits, the rate of evaporation 
was much lower than on the glasses con- 
taining lindane alone. On the 149th day 


_1 Presented at the meeting of the American Association of 
Economic Entomologists at Philadelphia, Pa., December 15-18 
1952, 
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the respective losses were 13.5 and 9.3 
per cent. 

On the glasses coated with lindane- 
chlorinated polyphenyl, needle-like crys- 
tals were abundant for the first 15 days, 
but the quantity decreased thereafter. 

Toxiciry To Housr Fuies.—To test 
the toxicity of these deposits against 
house flies, solutions were poured onto 
8- by 10-inch glass plates and the plates 
were agitated to get a uniform deposit. 
The plates thus coated were placed in a 
vertical position on a rack in an insectary 
and aged 1 to 22 weeks. The insectary 
was well ventilated, with temperature 


and moisture conditions similar to those , 


outdoors from June to November. 

Two sets of about 100 flies 3 to 4 days 
old were exposed to each plate for 10 
minutes by confining them under petri 
dishes 3.5 inches in diameter. After ex- 
posure the two sets of flies were trans- 
ferred to separate cages and furnished 
with a cotton ball soaked with milk. Mor- 
tality counts were made after 20-22 hours. 
Moribund flies were considered as alive. 

In one series of tests, deposits of 10 and 
25 mg. of lindane, 10 mg. of lindane plus 
20 mg. of chlorinated polyphenyl, 25 mg. 
of lindane plus 50 mg. of chlorinated 
polyphenyl, and 25 mg. of chlorinated 
polyphenyl per square foot were tested. 
In another series, deposits of 0.05 to 2.0 
mg. of lindane per square foot, with and 
without chlorinated polyphenyl, were 
tested. 

In the first series of tests there was a 
rapid loss of toxicity to flies at both dos- 
ages of lindane. However, with the addi- 
tion of chlorinated polyphenyl 10 mg. of 
lindane was effective for at least 9 weeks, 
and 25 mg. of lindane for 22 weeks. 

There was no mortality of flies exposed 
to the chlorinated polyphenyl alone at 
25 mg. per square foot for 10, 25, and 50 
minutes, 

The results of the second series of tests 
are given in table 1. There was no notice- 
able mortality of flies exposed for 10 
minutes to 0.05 and 0.1 mg. of lindane 
per square foot with or without chlo- 
rinated polyphenyl. However, 0.3 mg. of 
lindane with chlorinated polyphenyl and 
0.5 mg. of lindane alone gave high mortal- 
ities. The lindane-chlorinated polyphenyl 
mixture of the 2-mg. dosage was highly 
toxic for at least 3 weeks. 


Discussion.—Deposits of lindane, 
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Fic. 1.—Loss of weight of deposits of lindane (A and 
B), chlorinated polyphenyl (D), and lindane-chlo- 
rinated polyphenyl (C) on glass surfaces. 


chlorinated polyphenyl, and _lindane- 
chlorinated polyphenyl on glass surfaces 
evaporated at widely different rates (Fig. 
1). 

Lindane crystals lost weight rapidly 
because of their relatively high vapor 
pressure. Deposits of 300 to 390 mg. of 
lindane per square foot completely dis- 
appeared in about 50 to 60 days. 

The lindane-chlorinated — polypheny! 
mixture evaporated at a rate slightly 
higher than that of chlorinated polyphenyl 
but much lower than that of lindane. It 
lost 13.5 per cent of its weight in 149 days. 
If this rate of evaporation were main- 
tained, it would take more than 500 days 
to lose half its initial weight. 

The residual toxicity of lindane is pro- 
longed markedly when it is incorporated 
with chlorinated polyphenyl. A deposit of 
25 mg. of lindane plus 50 mg. of chlo- 
rinated polyphenyl had a high toxicity 
against house flies for more than 5 months, 
whereas 25 mg. of lindane alone was toxic 
only for a little over 1 week. 

Table 1.—Toxicity to house flies of lindane and 


lindane-chlorinated polyphenyl (1:2) residues of 
different ages. Time of exposure was 10 minutes. 
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Even 2 mg. of lindane plus 4 mg. of 
chlorinated polyphenyl had a longer re- 
sidual effect (at least 3 weeks) than 25 
mg. of lindane alone. 

The increase of residual toxicity of 
lindane when incorporated with chlo- 
rinated polyphenyl can be explained by its 
lower vapor pressure, and consequent 
slower evaporation, and the slow diffusion 
of lindane molecules from the body of this 
mixture to its surface. 

The difference in mortalities of flies ex- 
posed to deposits of 0.3 mg. of lindane 
with and without chlorinated polypheny] 
suggests that the chlorinated polypheny! 
may have a synergistic effect. More work 
should be done on the synergistic action 
of chlorinated polyphenyl and on its 
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formulation for practical applications. 

SumMaAry.—The rate of evaporation of 
deposits of lindane, chlorinated poly- 
phenyl, and _ lindane-chlorinated — poly- 
phenyl on glass surfaces was determined 
by periodical weighings of the residues. 

Lindane deposits lost weight rapidly. 
However, with the addition of an equal 
part of chlorinated polyphenyl, the rate 
of lindane evaporation was cut down 
markedly. 

Chlorinated polyphenyl] itself had no 
toxic effect on house flies (Musca do- 
mestica (L.), but when incorporated with 
lindane it increased markedly the residual 
toxicity of that insecticide. There is some 
indication that chlorinated polypheny. 
may have a synergistic effect with lindane 
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The Effect of Meadow Management on the Abundance 
of Meadow Spittlebugs 


D. R. Kine! and C. R. Weaver, Ohio Agr. Expt. Station, Wooster 


Observers in various states have re- 
ported that infestations of nymphs of 
the meadow spittlebug, Philaenus leucoph- 
thalmus (L.), vary from field to field and 
from locality to locality. Biological and 
ecological studies in Ohio have disclosed 
information on the relationship of cul- 
tural practices to the seasonal behavior 
of meadow spittlebug adults. The fall be- 
havior of the adult spittlebug determines 
the location and extent of succeeding 
nymphal populations. The results of this 
study aid in explaining the variations in 
infestations that occur in different mead- 
ows. 

In areas like New Jersey and Maryland 
where the summer seeding (August) of 
alfalfa is practiced, older stands have been 
reported as being more heavily infested 
than first harvest year stands. Red clover, 
usually seeded in grain in the spring, has 
been observed to support high nymph 


populations in the first harvest year. 
Medler (1951) in Wisconsin and Gyrisco 
et al, (1952) in New York were unable to 
correlate spittlebug populations and age 
of stand. Weaver (1951) reported that in 
Ohio spittlebug nymphs usually do not 
appear in economically important num- 
bers in second and third harvest year 
meadows. 

Data obtained in 1950, 1951, and 1952 
in a number of meadows of varying ages 
support the assertion that in northern 
Ohio populations are largest in first har- 
vest year meadows. Several comparisons 
of spittlebug nymph populations in first, 
second, and third year meadows are pre- 
sented in table 1. In each instance ad- 
jacent fields or replicated plots in agro- 
nomic rotation experiments were com- 
pared. 


1 Now Asst. Professor, Dept. of Entomology, Texas A & M 
College. 
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Table 1.—A comparison of spittlebug popula- 
tions in various age meadows in northern Ohio. 
May and June 1950-1952. 








Harvest YEAR OF 
MEApow 


Com- 
PARISON UNIT oF 
NUMBER MPrASURE 
Alfalfa 
Nymphs/stem 8. 
Nymphs/stem 4.65 
Nymphs/stem 5.54 


Adults/sweep? — 28. 
Adults/sweep? 18. 
Adults/sweep? — 


Red Clover 
Nymphs/stem ‘. 
Nymphs/stem 


Adults/sweep 
Adults/sweep 
Adults/sweep 
Adults/sweep 





! Samples taken in replicated plots. 
2 Population estimated by sweeping newly emerged adults 
Everly 1951). 


The resolution of these apparent dif- 
ferences in spittlebug occurrence rests in 
one, the cultural practices which affect 
adult behavior during the oviposition 
period and two, the availability of ovi- 
position sites. The type of stubble pre- 
sent for oviposition has a definite ef- 
fect upon the number of eggs laid; how- 
ever, this paper is concerned only with 
the effects of meadow management on 
the abundance of adults preceding and 
during the period of egg deposition. 

During the summer and fall of 1951 
and 1952, 148 separate fields of alfalfa, 
red clover, timothy, corn, oats, wheat, 
wasteland, and fencerows in northern 
Ohio were sampled for adult populations. 
A 15-inch sweep net was utilized wher- 
ever practical. On corn and in some in- 
stances on oats and wheat, populations 
were estimated by counting the adults 
found on a representative number of 
plants. The relative numbers of spittle- 
bugs obtained in these samples were cor- 
related with the developmental stage of 
the crops. 

The largest concentrations of adults 
encountered during the growing season 
are found in legume fields immediately 
after the adults emerge from the spittle 
masses. Dissemination of the insects from 
the original fields in which they transform 
to adults is brought about gradually by 
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a “hardening off” of the maturing plants 
or abruptly by the harvest of the first 
cutting, as indicated in figure 1. The adult 
spittlebugs migrate to other areas and 
for a few days large numbers of adults 
may be observed clinging to plants in 
corn, oats, and wheat fields and to weeds 
in fencerows and wastelands bounding 
the meadows. These high concentrations 
of adults are gradually dispersed, the 
adults tending to settle on plants that 
provide suitable succulent foliage for 
feeding. 

As the succulence of these plants de- 
clines with maturity, they become less 
attractive hosts and the spittlebugs again 
disseminate. A number of the insects re- 
turn to meadows which have recovered 
from the first cutting, thus initiating 
population accumulations which persist 
until the legumes again mature or the 
second cutting is made. These fluctua- 
tions in population proceed through the 
season until the time when fully developed 
eggs appear within the females. 

Osborn (1916) and Weaver (1951) have 
shown that the eggs are first formed in the 


A-FIRST CUTTING 
NOT MADE 





is 


B- FIRST CUTTING REMOVED 
«CUT 


ADULTS PER SWEEP 








T T 
JUNE 14 2 28 


Fic. 1.—Effect of first cutting management of for- 
age crops on adult spittlebug migration. 


females during the latter part of August. 
Dissections of female specimens of the 
meadow spittlebug obtained in Qhio, 
New York, Maryland, North Carolina, 
Pennyslvania, and Virginia in the fall of 
1952 revealed little geographic variation 
in the time at which fully developed eggs 
appeared within the females. 

Licent (1912), Cecil (1930),? and Mund- 
inger (1946) state that most eggs are 
deposited in September and October. 


2 Cecil, Rodney. 1930. A biological and morphological study 
of a Cercopid, Philaenus leucophthalmus (L.) Ph.D. Thesis. Ohio 
State University. 














886 





Field insecticide tests (Weaver 1952a 
and Weaver et al. 1952) and tests with 
caged adults in Ohio have demonstrated 
that a period of approximately 3 to 4 
weeks intervenes between the formation 
of the first well developed eggs and maxi- 
mum egg deposition. This preoviposition 
period, lasting until the second week in 
September in Ohio, is characterized by a 
decline in migratory proclivity. The de- 
crease in activity may be attributed to, 
one, a physiological response probably 
related to egg development; two, the dis- 
continuation of cutting legume meadows 
by the farmer; and three, lower tempera- 
tures or other climatic factors. 

Correlation of population size with the 
condition of legume meadows during the 
preoviposition period discloses that the 
number of adults is greatest in those 
fields which present the most succulent 
foliage. Under the system of management 
commonly followed in Ohio, new meadow 
seedings present the most suitable host 
areas for the adults (figure 2D). Meadows 
are usually seeded in the spring in small 
grain crops which are removed in July. 
The removal of the grain crop coupled 
with subsequent clipping of the stubble re- 
duces plant competition, and rapid growth 
of the legumes ensues. The succulent 
foliage produced during late August and 
sarly September is attractive to the adults 
which continue to accumulate under these 
conditions. Large numbers of egg masses 
are deposited on the clipped grain stubble 
and heavy infestations of nymphs occur 
in such fields the following spring. 

In regions south of Ohio, summer seed- 
ing is a common practice in establishing 
alfalfa stands. Bissell & Stabler (1951) in 
Maryland have observed that infesta- 
tions of nymphs are not likely to be severe 
when this legume is planted without a 
companion crop. Weaver (1952b) states 
that in experimental plots in Ohio there 
were 99.7 per cent fewer nymphs in 
summer seeded alfalfa than in alfalfa 
spring seeded in grain. This may be at- 
tributed partially to differences in plant 
development at the beginning of the 
spittlebug oviposition period the previous 
fall. Few adults are attracted by foliage 
in summer seeded fields. Older meadows 
with more luxuriant foliage in the fall 
would therefore have larger nymphal 
populations in areas where summer seed- 
ings are the common cultural practice. 
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Fig. 2.—Populations of adult spittlebugs in old and 


new meadows preceding and during the oviposition 
period. 


First- or second-year red clover mead- 
ows in Ohio are usually not attractive 
to the adults in late summer. This crop is 
typically managed under a two cutting 
system, with the second crop being grazed 
or removed in early August. Slow plant 
recovery due to dry conditions in August 
results in little migration into these fields. 
In addition, diseases and insect pests re- 
duce the stand to such an extent that 
clover meadows are commonly main- 
tained for only one harvest year. The un- 
attractiveness of old red clover fields is a 
result of a combination of poor crop re- 
covery due to dry weather and a reduc- 
tion of the stand by pest organisms. 

Occasionally, however, first harvest 
year red clover will recover in August and 
present a succulent stand in early Sep- 
tember. In New York, for example, where 
such stands are usually allowed to go into 
a second harvest year, little or no differ- 
ence exists in the spittlebug nymphal 
populations in first and second year red 
clover meadows. Figure 2A _ illustrates 
the adult populations occurring in two red 
clover fields, one with poor recovery and 
one with excellent recovery from the 
second cutting. 

Alfalfa meadows are managed on both 
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iwo- and three-cutting schedules in 
Ohio. If the hay is cut twice during the 
season, the second cutting is removed by 
ithe first week in August and plant recov- 
ery is rapid. Succulent foliage is available 
in the latter part of August and in early 
September. As a result large populations 
build up in these fields during the pre- 
oviposition period (Fig. 2B). The abun- 
dance of ovipositing females produces large 
infestations of nymphs the following 
spring. When the second cutting is har- 
vested in July, the plants may attain an 
advanced stage of maturity by the latter 
part of August. This situation may result 
in small populations of adults during the 
preoviposition period. 

If the alfalfa is managed under a three- 
cutting schedule, the last cutting is re- 
moved during the first week in September. 
The majority of adults leave the field 
when it is harvested, although a few may 
remain due to the reduction in migratory 
tendencies during this period (Fig. 2C). 
As a result sub-economic infestations of 
nymphs occur the following year in mead- 
ows managed under a_ three-cutting 
schedule in Ohio. 

Under either system of management, 
the second or third cutting may not be 
made and the crop permitted to mature. 
This instigates a decline in adult spittle- 
hug populations due to the reduced suc- 
culence of the plants. The paucity of 
adults in these fields during the oviposi- 
tion period again results in small popula- 
tions of nymphs the following spring. 

The conclusion follows that manage- 
ment practices can have a profound effect 
upon the number of nymphs which appear 
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in legume meadows. Procedures which 
promote the growth of succulent foliage 
in new seedings of clover and alfalfa or in 
old stands of alfalfa during early Sep- 
tember will result in large infestations. 
Lower populations will occur in fields 
where luxuriant foliage is not present 
during the preoviposition time. These 
may occur in fields that are grazed through 
the season, in alfalfa cut in early Sep- 
tember or in new stands of summer seeded 
legumes. 

That a practical control on an area 
basis can be achieved by cultural manip- 
ulation is doubtful, but patterns of rela- 
tive infestation can be predicted on the 
basis of the agronomic procedure common 
to the region. 

SumMAryY.— Movements of adult mead- 
ow spittlebugs are conditioned largely 
by the availability of succulent foliage. 
Fall meadow management determines 
the attractiveness or unattractiveness of 
legume fields as feeding sites, Manage- 
ment practices which promote new growth 
immediately preceding and during the ovi- 
position period of the spittlebug result in 
increased adult populations and subse- 
quent large infestations of nymphs the 
following spring. Conversely, manage- 
ment which reduces the attractiveness of 
the legume field during the preoviposition 
period will result in lower nymphal popu- 
lations in the spring. A study of the rela- 
tion of management practices to the period 
of egg formation and oviposition will aid 
in explaining the differences in nymphal 
populations found in varying ages of 
meadows in the different areas where this 
insect is a pest. 
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Selection of the Large Milkweed Bug Through Seventeen 
Generations for Survival to Sublethal Concentrations 


of DDT and Toxaphene 


James McD. Grayson, Virginia Agricultural Experiment Station, Blacksburg 


The inherent ability of the large milk- 
weed bug, Oncopeltus fasciatus (Dall.), to 
metabolize DDT into relatively harmless 
products has been shown by Ferguson & 
Kearns (1949). Turner (1950) has _ re- 
ported that strains of this insect which are 
highly resistant to nicotine have been de- 
veloped in the laboratory. In addition, 
Turner (1951) found that nicotine and 
pyrethrum are synergistic when injected 
into large milkweed bugs and that nico- 
tine “conditions” the insects for a higher 
mortality from pyrethrum. Beard (1952a), 
working with the large milkweed bug and 
the wax moth Galleria mellonella (L.), 


found the pattern of susceptibility of 
chemically-selected insects to be essen- 
tially the same as that of unselected in- 
sects. 

The writer began work with the large 
milkweed bug in the spring of 1949. 


Strains of this insect have since been 
reared in the laboratory through 17 gener- 
ations of selection for survival to treat- 
ments with DDT and toxaphene. This 
paper is a progress report on the develop- 
ment of resistance to insecticides and re- 
productive performance of the different 
strains. 

ProcepuRE.—The original culture of 
milkweed bugs was obtained by collecting 
nymphs from milkweed pods in the field. 
In developing the various strains the sur- 
vivors selected as breeding stock were 
reared in 9- by 10- by 13-inch cages cov- 
ered with screen and cloth. The eggs were 
removed at convenient intervals and 
placed in battery jars. As the nymphs be- 
came one-half to two-thirds grown they 
were transferred to 8- by 9- by 14-inch 
screen cages and allowed to remain there 
until they were removed for testing pur- 
poses. Food consisted of the dried seeds 
from milkweed pods. Water was provided 


from 6-inch cotton dental rolls which had 
one end immersed in a jar of water. 
Crumpled paper toweling was placed in 
the cages to provide resting surfaces for 
the insects as well as to facilitate more 
sanitary rearing conditions. Attempts 
were made in each generation to have a 
population of at least 1000 milkweed bugs 
for each strain. The cultures were main- 
tained, and all tests were made, in a 
laboratory room at a temperature of 22° 
to 26° C, 

The criterion of selection in most gener- 
ations was 50 per cent mortality. It was 
not found feasible to adopt a higher point 
of acceptance because of continued mor- 
tality after the period of observation had 
passed, and the rather erratic response to 
insecticidal treatments which is appar- 
ently characteristic of this insect species. 

MarTeriAts.— During the first ten gen- 
erations of selection a purified, high-melt- 
ing (108° C. m.p.) form of DDT was 
used; thereafter a 75 per cent wettable 
form of DDT was employed. In all treat- 
ments involving toxaphene the form used 
was technical grade toxaphene (chlorine 
content 67 to 69 per cent). Acetone-water 
suspensions of purified DDT or toxaphene 
were prepared from stock solutions of each 
material dissolved in acetone. Suspensions 
prepared from wettable DDT were proc- 
essed in an electrical blendor to facilitate 
the formation of good suspensions. 

R&sIsTANT Strains.—Adult large milk- 
weed bugs between 6 and 13 days in age 
were used in the toxicity tests. These were 
obtained by removing the adults at ap- 
proximately weekly intervals from the 
stock cultures and placing them in glass 
battery jars with fresh food and water 
until they had reached the desired age. 
Treatment consisted of placing them in 
small screen cages and dipping them for 
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10 seconds in the insecticidal suspensions 
at 30° C. They were allowed to remain in 
the treated cages for a period of 15 min- 
utes before removal to recovery jars. Sub- 
samples of 30 to 40 insects were used, and 
the tests were replicated at least four times 
for each concentration. Mortality counts 
were made at the end of 6 and 10 days 
following treatment. Bugs which were 
unable to exhibit coordinated locomotion 
were considered as dead. 

The mortality data obtained from ex- 
posure of selected and unselected strains 
of the large milkweed bug to different 
concentrations of DDT and toxaphene are 
shown in figure 1. The regression lines 
were fitted to the points by the method of 
least squares (Bliss, 1935). The concen- 
trations of DDT, expressed as gram per 
liter of insecticidal suspension, required 
for 50 per cent kill were: unselected strain, 
0.010; and DDT-selected strain, 0.037. 
Similarly, the concentrations of toxaphene 
were: unselected strain, 0.190; and toxa- 
phene-selected strain, 0.345. 

Comparisons between strains at high 
mortalities are not considered valid be- 
cause of the absence of such points in the 
determination of the regression lines for 
the selected strains. The steep slope of the 
regression line for the toxaphene-selected 
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strain causes it to cross that of the unse- 
lected strain at a mortality of 87 per cent 
(probit 6.13). The implication is perhaps 
erroneous because unreported data, based 
upon 100 per cent mortality, indicate 
the toxaphene-selected strain to be slight- 
ly more resistant than the unselected 
strain, 

Repropuction.—Comparisons of egg 
production between selected and unse- 
lected strains were obtained by rearing the 
adults in 1-gallon, glass battery jars and 
removing the eggs at intervals of 2 or 3 
days. In the twelfth generation, 15 females 
were placed in each jar with an adequate 
number of males, and four replicates were 
set up for each strain; while in the seven- 
teenth generation, only 10 females were 
placed in each jar but six replicates of each 
strain were maintained. 

The results are shown in table 1, and 
are expressed in terms of the average num- 
ber of eggs produced per female in one 
day. This appeared to be the most valid 
way of making comparison because of fre- 
quent deaths resulting in unequal numbers 
of females in the different jars. The data 
were not analyzed statistically because 
egg production within the different strains 
is so similar that it is assumed no actual 
differences exist. 
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Mortality of adult large milkweed bugs from selected and unselected strains at the end of 10 days 


following treatment with DDT in (A) and (B), and with toxaphene in (C) and (D). 
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Table 1.—Reproductive performance of fe- 
male large milkweed bugs from selected and 
unselected strains. 





EGGS PER 
FEMALE Day 
(AVERAGE)! 





GENERA- 


TION STRAIN 


F» DDT selected 22.6 
Toxaphene selected 
Unselected 


DDT selected 
Toxaphene selected 
Unselected 





1 Average of four replicates for the twelfth generation and of 
six replicates for the seventeenth generation. 


PRELIMINARY RESULTS WITH ALDRIN.— 
Treatment of adult large milkweed bugs 
with sublethal concentrations of aldrin 
have been conducted through six genera- 
tions. During the first several generations 
some difficulty was experienced in obtain- 
ing eggs from survivors of treatments 
which gave high mortalities. In the sixth 
generation, however, only a small number 
of eggs were obtained during a period of 
several weeks from survivors of high mor- 
tality treatments. It was necessary to 
resort to the use of untreated Fs adults in 
order to continue the strain. These pre- 
liminary data would indicate that a del- 
eterious effect upon reproduction is 
exerted by concentrations of aldrin which 
are in the upper realm of the sublethal 
range. Further work will prove or dis- 
prove this observation. 

Discussion.—Perhaps greater differ- 
ences than reported here could be ex- 
pected between selected and unselected 
strains of the large milkweed bug after 17 
generations of selection. Several plausible 
explanations might be offered. First of all, 
selection may have been below the actual 
50 per cent mortality point in some cases 
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because of the erratic response to insecti- 
cidal treatments sometimes exhibited by 
this insect. Secondly, the dynamic type of 
variation among individuals discussed by 
Beard (1952a, 1952b) may have been op- 
erative. Thirdly, perhaps the large milk- 
weed bug is sufficiently specialized for its 
adaptation to population changes to be a 
slow process. The rather primitive Ger- 
man cockroach was found by Grayson 
(1951, 1953) to develop some differences 
in resistance and reproductive perform- 
ance after 7 generations of selection to 
DDT, and large differences after only 9 to 
12 generations of selection. 

SuMMARY.—Strains of the large milk- 
weed bug have been reared in the labora- 
tory through 17 generations of selection 
based upon survival to treatments with 
DDT and toxaphene. The criterion of se- 
lection in most cases was survival to treat- 
ments which gave 50 per cent kill or 
higher. The procedure employed in mak- 
ing the treatments is described. 

In the seventeenth generation, 3.7 
times as much DDT was required to kill 
50 per cent of the DDT-selected adults 
as unselected adults. Similarly, 1.8 times 
as much toxaphene was required to ob- 
tain 50 per cent kill of adults in the 
toxaphene-selected strain as those in the 
unselected strain. 

No specific comparisons are made be- 
tween strains at high mortalities. The 
data would indicate, however, that the 
DDT-selected strain is less resistant at 
high mortality points than at LD-50; and 
that the toxaphene-selected strain has 
almost no resistance to toxaphene at con- 
centrations causing 87 per cent kill or 
higher. 

No significant differences were found in 
numbers of eggs produced between se- 
lected and unselected strains. 
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SCIENTIFIC NOTES 


Systox on Walnuts in Northern 
California 


A. E. MicHe.BaAcuer and O. G. Bacon, 
University of California, Berkeley' 


An extensive series of experiments were conducted 
with Systox, 0-[2-(ethylmercapto)ethyl]0,0-diethy] 
thiophosphate, to determine its effectiveness in the 
walnut insect control program. The studies were con- 
ducted on the Payne variety of English walnut, and 
the Systox used contained 4 pounds of actual in- 
gredient per gallon. The Systox was used in com- 
bination with a DDT codling moth spray, and was 
incorporated primarily to control the walnut aphid, 
Chromaphis juglandicola (Kltb.). The applications 
were made on May 10th withaspeed sprayer (capac- 
ity at least 43,000 cubic feet per minute) equipped 
with a volute. Systox was used at three concentra- 
tions as follows: 1.25 pints (0.62 pound actual); 2.5 
pints (1.25 pounds actual); and 5 pints (2.5 pounds 
actual) per acre. The several dosages were combined 
in the following DDT spray: 


8.0 pounds 
0.8 pounds 
1.2 gallons 
200 gallons 


50 per cent DDT wettable powder 
DDT depositor 
Light medium summer oil 
Water 


emulsion. 


The control obtained in comparison with several 
other aphicides is given in table 1. It is clearly seen 
that the Systox treatments outperformed all the 
others. 

By June 30 the aphid population in some of the 
treatments showed evidence of increasing and be- 
cause the orchard was ready to be irrigated, the en- 
tire grove with the exception of the Systox plots was 
retreated using several aphicides. The applications 
were made with a speed sprayer without a volute. 
The materials, dosages and the control of aphids ob- 
tained are given in table 2. Although not retreated, 


~ 


the Systox plots are included so that they can be 
compared with the other treatments. Some of the 
aphicides resulted in good control but none of them 
equaled Systox despite the fact that there had been 
but a single application of the latter. 

With the Systox treatments there was no marked 
increase in the aphid population until the crop was 
nearly ready for harvest. The increase that occurred 
late in the season was proportional to the amount of 
active material applied. Although aphids were un- 
able to colonize on the old foliage until late in the 
season, migrating adults were able to establish 
colonies to varying degrees on new foliage by early 
summer. This condition was first observed on June 
24, As the season advanced, aphid activity on new 
growth became more apparent. 

Spider mite populations failed to develop or were 
not noticeable in any of the Systox treatments. This 
condition was general in all the treatments except 
those receiving malathon. In the latter it is possible 
that spider mites (mostly Pacific mite, Tetranychus 
pacificus McG.) reached a destructive level. 

The 2.50 pounds dosage of Systox per acre resulted 
in what appeared to be rather serious injury to the 
foliage on the north side of the trees. The injured 
leaves (Figure 1) lacked substance and were some- 
what chlorotic between the veins. The injury super- 
ficially resembled that caused by zinc deficiency. The 
damage could be distinguished in the 1.25 pound 
dosage and was barely detectable in the 0.62 pound 
treatment. 

At harvest field run samples of nuts were taken at 
random from several] treatments. All nuts except the 
most obvious culls were selected. The quality as 
determined by a crack test is given in table 3. Nuts 

1 Acknowledgments are made to C. C. Cassil, Niagara Chem- 
ical Division, Food Machinery and Chemical Corporation; Wil- 
liam Wade and C. Davis of the University of California for 
assistance rendered in the conduct of the investigation. Thanks 


are due Dr. Elly Hinreiner, Department of Food Technology, 
University of California, who conducted the taste tests. 


Table 1.—Relative effectiveness of several aphicides used in combination with the codling moth 


spray, applied May 10, for the control of the walnut aphid. 








AVERAGE NUMBER OF APHIDS PER LEAFLET 


ON SuRVEY Dates GIVEN 





APPROXIMATE — 
AMOUNT PER 
ACRE IN Lbs. 


May! 


APHICIDE 9 


June 
30 


June June 
12 24 


June 
6 


May 


23 


a 


May 
1% 





43.2 
43.2 
43.2 


0.6 
Bs 


95 


Systox-4 pounds actual 
per gallon 


25% parathion wettable 
powder k. 


52.0 
25% malathon wettable 

powder 00 52.0 
25% EPN-300 wettable 
powder 


3.00 


14% nicotine dry concen- 
trate y 


00 52.0 





BHC—6% gamma isomer 7.00 52.0 


52.0 0.00 


0.05 0.04 0.00 
0.00 0.00 0.02 
0.00 0.00 0.07 


00 
00 
00 


0. 
0. 
0. 


00 
00 
00 


0.00 
0.00 
0.00 


0. 
0. 
0. 





0. 


0.00 .00 0.00 0.06 


24 





.O1 


0.00 12.85 


1.38 


2.07 


.02 0.12 1.10 


3.14 


0.32 


0.00 0.00 0.00 


0.00 0.00 0.02 


0.00 


0.76 


0.06 





1 Pretreatment count. 
2 Expressed as actual. 
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Table 2.—Comparative effectiveness of several aphicides for mid-season control of the walnut 
aphid.! 








AVERAGE NUMBER OF APHIDS PER LEAFLET 
ON SuRVEY Dates GIVEN 
APPROXIMATE ——-—-———-——-——_— ae 
AmounT PER June? July July July Aug. Aug. Sept. Sept. 
APHICIDE ACRE IN LBs. 30 3 8 Q4 4 





Systox—4 pounds 0.62! 0.00 0.00 0.00 0.00 0.12 0.63 15.66 
actual per gallon 25? 0.02 0.01 0.02 0.00 0.10 0.83 2.00 
2.508 0.07 0.01 0.00 0.00 0.02 0.19 0.69 


25% parathion 
wettable powder 3.12 0.01 0.01 0.24 1.48 19.60 25.44 27.93 


Parathion liquid— 
4 pounds actual 
per gallon 27' 21.10 0.00 0.90 0.2 26 2.61 20.69 24.28 


25% malathon 
wettable powder 


8.13 0.00 0.02 0.48 2. 22 .36 16.78 22.78 


50% malathon 
emulsion 55° 21.34 0.03 0.00 0.74 4.15 36.91 31.37 17.85 


25% EPN-300 
wettable powder 


3.30 6.60 0.00 0.00 0.10 0.32 5.21 29.60 32.10 


14% nicotine dry 
concentrate 7.70 0.76 0.00 0.04 0.18 0.34 . 23 15.15 





! With the exception of Systox, which was applied May 10 in the codling moth spray, all other treatments were applied June 30 
Speed Sprayer in approximately 55 gallons of water per acre. 

2 Except for Systox pretreatment count. 

3 Ecpressed as actual. 


from the Systox treatments were uniformly good _ tine plots. The poor quality of the malathon treat- 
despite the fact that Systox at the highest dosage ment might have been due to poorer control of 
caused noticeable injury to the foliage on the north — aphids, although it was only in this treatment that 
half of the trees. Quality in the other treatments _ spider mites increased to a possible destructive level. 
with the exception of malathon was good, although For this reason, the reduced quality of the nuts may 
the per cent of light meats in the parathion treat- have been more associated with spider mites than 
ment was slightly lower than in the Systox or nico- — with the aphid infestation. 


Table 3.—Effect of aphid control upon the quality of walnuts. 








QuaLity or Nuts! 





Per Cent Sound Per Cent Light 





TREATMENT South North Random South North Random 
APHICIDE PER ACRE Side of Side of Entire Side of Side of Entire 
PER APPLICATION Tree Tree Tree 


Systox? 
0.62 Ibs. actua' 77 69. 
1.25 lbs. actual 91.0 64 88 76. 
2.50 lbs. actual 36 90.1 $7 7 





25% wettable parathion 
1 pound’ 


— 92.3 — 66. 





25% wettable malathon 
2 pounds? 


14% nicotine dry concentrate 
7 pounds® 


76 85 80.7 42 47 44.3 


91.6 





1 Quality tests based upon an average of three 100 nut samples. 
2 One application May 10. 
8 Two applications May 10, and June 30. 





October 1953 


‘ig. 1.—Systox injury to walnuts. A normal 
leaflet flanked by injured ones. 


Because of the foliage injury to the north half of 
the trees receiving the highest dosage of Systox, 
samples were taken from the north and south sides 
of the trees for quality tests. It is interesting to note 
(Table 3) that in all cases where this was done the 
best quality of nuts occurred on the north half of the 
trees. 

Taste tests indicated no off flavor in nuts treated 
with Systox. Although a residue problem is hardly 
to be expected, a definite statement in this regard 
must await analysis. 

SuMMARY.—Systox was used at the rate of 0.62, 
1.25 and 2.50 pounds of actual ingredient per acre 
applied in a single application to Payne walnuts with 
a speed sprayer on May 10. All three dosages re- 
sulted in excellent control of the walnut aphid for the 
entire season, At and shortly before harvest aphids 
were able to colonize on the old foliage and the de- 
gree to which this occurred was in proportion to the 
dosage. By early summer it was observed that the 
aphid was able tc establish colonies on the new 
growth. The Systox treatments showed every evi- 
dence of controlling spider mites. 

At the highest dosage what appeared to be serious 
foliage injury occurred on the north half of the trees, 
but this apparently did not reduce the quality of the 
nuts. The injury was barely distinguishable at the 
lowest dosage. 

No off flavor could be detected even at the highest 
rate at which Systox was applied. 


Inspection Methods to Detect Cherry 
Fruit Fly Larvae in Cherries’ 


KENNETH E. Frick,’ Irrigation Experiment 
Station, Prosser, Washington 

Several techniques have been reported to deter- 
mine the degree of maggot infestations in cherries. 
One of the oldest is that of cooking, crushing, and 
examining the pulp for maggots. Pettit (1926) men- 
tions the “cook test”’ developed by B. J. Howard of 
the U. S. Department of Agriculture for canning 
companies. A modification of this procedure is de- 
scribed by Lathrop & Nickels (1932). Shipman 
1952) mentions that the cooking technique has not 
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been too generally used—probably because it is slow 
and requires great care. 

Other methods in use include trays with bottoms 
of hardware cloth on which the cherries are placed 
above water (Hamilton 1940; Cox 1947, 1952).S. C. 
Jones (personal communication) places the cherries 
into a deep freeze unit during the busy harvest pe- 
riod and later, as time permits, removes, thaws, and 
splits the fruit. Shipman 1952, describes a funnel 
separator method that greatly speeds platform in- 
spection of cherries at the canneries. 

ComMpPaArRATIVE Tests oN Metuops.—In each of 
the three tests conducted, Bing cherries were se- 
lected that did not have breathing holes but were 
suspected of infestation.’ From the large sample, 
subsamples of 200 fruits each were counted and 
placed in paper bags. The treatments were assigned 
at random to the bags. The 1950 experiment had 
four replicates, while the 1951 tests each had five 
replicates. The cherries were then checked for mag- 
gots and puparia by the five methods outlined in 
table 1 


Table 1.—Numbers of maggots found in 


cherries examined by several sampling methods. 
Prosser, Washington. 








Jury 12, June18, June 25, 
1950 1951 1951 
800 1000 1000 

Fruits Fruits Fruits 
PER PER PER 

SAMPLE SAMPLE SAMPLE 


Split open imanedions ly 180 0 319° 
Cooked and mashed im- 

mediately! 178 3 219 
On concentrators over soil 233 159 200 
Held 7 days and split open $11 311 750 
Held 7 days and cooked, 

mashed! 387 399 778 





1 Procedure as modified by Lathrop & Nickels (1932). 


Discussion.—The data presented in the table 
show that maggot counts made immediately after 
picking do not give a true picture of the potential 
infestation. This is particularly true with the test on 
fruit picked June 18, 1951. At that time, the infesta- 
tion was incipient. Fruits held in the sample bags for 
7 days at room temperatures allow the development 
of the maximum infestations. The egg stage requires 
from 5 to 8 days at room temperatures, with the ma- 
jority hate hing on the sixth day. Ripe cherries held 
longer than 7 days rapidly bres ak down, and the one 
week holding period is considered a maximum. 

The data do not indicate that the boiling method 
is superior to the splitting technique. However, when 
the fruit is boiled it is difficult to separate the mag- 
gots from the fruit fragments. Concentrators in 
which soil is used for pupation are of questionable 
value in the Yakima Valley. Because of the very low 
humidity, the fruits dry up before all of the maggots 
have developed. 

Since either the cooking or splitting methods are 
time consuming, the funnel separator technique de- 
scribed by Shipman is now used exclusively by the 
writer. This technique is rapid—often 2 to 4 minutes 
per sample. The writer averaged 5 minutes per 
sample in examining 60 samples for maggots. 

1 Scientific Paper No. 1176, Washington Agricultural Experi- 
ment — Pullman. Project No. 791. 
2R. E. Fye, now at the Department of Entomology, Univer- 


Junior Entomologist, 


sity of AWicenae" and H. G. Simkover, 
aided materially in 


State College of Washington, Pullman, 
carrying out these tests. 
3 Rhagoletis cingulata (Loew), 
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Shipman ran comparisons on the accuracy of the 
funnel separator and cooking methods. He found the 
funnel separator to be just as accurate, As with the 
splitting method, the funnel separator does not kill 
the maggots, which are easily detected on black- 
bottomed pans, crawling among the pieces of cherry 
pulp. 
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Control of Orchard Mites Resistant 
to Parathion!' 


KE. J. Newcomer and F. P. Dean, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and 
Plant Quarantine 


The resistance of certain orchard mites to para- 
thion in the Pacific Northwest has been reported by 
various entomologists. Observations on their control 
by growers were made at Yakima, Washington, in 
1951 (Newcomer & Dean 1952). In 1952 we had an 
opportunity of making our own experiments on re- 
sistant mites. 

Experiments on orchard mites were started by us 
at Yakima in 1947 in a Winesap orchard that had 
been used for a couple of years for tests on other 
apple pests. The Pacific mite, Tetranychus pacificus 
McG., predominated the first season, but in 1948 
and 1949 the European red mite, Metatetranychus 
ulmi (Koch), became the dominant species, al- 
though the Pacific mite continued to be common in 
the trees. Since 1950 the Pacific mite has been the 
only species of economic importance, and the Euro- 
pean red mite has become scarce. 

The plots in this orchard consisted of four or seven 
trees, depending on whether they were to be ex- 
amined only for the control of mites or also for the 
control of the codling moth Carpocapsa pomonella 
(L.). Each year these plots were laid out at random, 
the individual trees in each plot being scattered 
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Table 1.—Effectiveness of parathion against 
the Pacific mite. 








Pounps 





NuMBer OF Mires PER 100 Leaves 
or 15% NuMBER ee 
PARATHION oF Average 


: PER 100 Apptica- Before After During 
Year GALLONS TIONS Spraying Spraying August 





1948 0.25 8 55 5 45 
1949 0.33 3 309 20 110 
1950 0.5 2 50 2 123 
1951 0.75 2 1224 250 652 
1952 l 3 172 234 1791 





across the orchard without regard to previous treat- 
ments. Therefore, the number of years an individual 
tree had been sprayed with parathion varied. 

Evidence of resistance to parathion did not appear 
in this orchard until 1951, after it had been used for 
four seasons. In 1952 the evidence was confirmed 
from the records of 42 trees sprayed with parathion 
that season. Of these trees, 16 had been sprayed with 
parathion only in 1952, 15 had had parathion for 2 
seasons, 8 for 3 seasons, 2 for 4 seasons, and 1 for 
5 seasons. Two or three applications of parathion 
were made each season, 

The 42 trees were divided into six plots in which 
the mites were counted separately, but counts of 
mites on individual trees were not made. Each plot 
of seven trees included 3 or more that had been 
sprayed with parathion 2 or more seasons. Thus, 
many of the trees had had from 5 to 10 applications 
of parathion. Whether this has a bearing on the de- 
velopment of resistance is not known. However, the 
results in another plot in this orchard indicate that 
resistance may follow repeated applications that 
have not entirely controlled the mites. Most of the 
trees in this other plot had not been sprayed with 
parathion since 1950, and no parathion was used on 
them in 1952 until August. Earlier in the season 
they had been sprayed with an experimental in- 
secticide that had proved to be rather ineffective 
against the codling moth and orchard mites, There- 
fore, the plot was sprayed in August with 2 pounds 
of 50 per cent DDT and 1 pound of 15 per cent 
parathion to 100 gallons, both materials being 
wettable powders. There were over 900 mites per 
100 leaves two days before this spray was applied, 
but only 46 a few days after application. The mites 
on these trees had apparently not built up resistance. 

It is evident from the data shown in table 1 that 
the use of progressively increased quantities of 
parathion has not headed off the infestation. In 
1948, 4 ounces of 15 per cent wettable parathion 
effected control; in 1952, 1 pound did not. In 1949, 
0.33 pound gave good control in two cover sprays 

1 Presented at the meeting of the American Association of 
Economic Entomologists at Philadelphia, Pa., December 15-13, 
1952. 





Table 2.—Control of Pacific mites with parathion in 1949 and 1952. 





PouNbs ~ 

or 15% Second Cover 
PARATHION 

PER 100 


YEAR GALLONS Before After 
1949 0.33 147 33 
1952 l 29% 29 


NuMBER OF Mites PER 100 LEAVES 


Third Cover 


2 Weeks 


4 Weeks 


Before After After After 
220 40 13 107 
697 1216 1148 3009 














Or 
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Table 3.—Control of three species of orchard mites with parathion and other acarides, 1952. 





NUMBER 0 or MitEs PER 100 LEAVES 











Second ea, (Mid-July) Third Cover r (Early August) 
‘TREATMENT 3 Weeks 2 Days 2 Days l Day 3 Days. 2 W ecks + We eck 
QUANTITY PER 100 GAL.) Before Be fore After Before After After After 
Pacific mite 
Parathion 15%, 1 |b. 0 223 29 697 1216 1148 3009 
Malathon 25%, 2 lb. 0 0 0 10 0 0 10 
EPN 27%, 1 lb. 0 0 0 0 30 30 180 
Systox, 42%, 6 oz. 0 0 0 0 5 0 40) 
\ramite 15%, 1 lb. 0 0 0 40 10 0 30 
R-242 50%, 3 lb. 0 0 0 10 15 0 90 


-Chloropheny] p-chloro- 
benzenesulfonate 50%, 


1.5 lb. 20 50 0 20 0 40 70 
Tetranychus medanieli 

Parathion 15%, 1 |b. 7 980 974 2640! 3122 2234 4275 
Parathion 15%, 0.5 |b.; 
DMC 25%, 0. 5 pt. 2 7 1466 1813 1945! 73 133 53 
Malathon 25%, 2 lb. 0 20 0 73 110 1600 1240 
EPN 27%, 1 tb. 0 10 0 -- 40 420 740 
Systox 42%, 6 oz. 0 60 0 47 130 90 610 
\ramite 15%, 1 lb. 0 20 0 -- 50 120 240 
R-242 50%, 3 lb. 0 120 0 — 130 830 1410 


p-Chloropheny! p-chloro- 
benzenesulfonate 50%, 
1.5 Ib. 0 80 30 — 1020 2640 1850 


European red mite 


Parathion 15%, 1 |b. 160 1941 2214 466! 420 113 93 
Parathion 15%, 0.5 |b.; 

DMC 25%, 0.5 pt.? 140 2386 1373 520! 67 220 47 
Malathon 25%, 2 lb. 300 1490 1040 27 140 180 50 
EPN 27%, 1 Tb. 140 490 110 — 390 450 360 
Systox 42%, 6 oz. 100 20 30 0 0 30 20 
(ramite 15%, 1 lb. 50 350 180 200 140 140 
R-242 50%, 3 lb. 60 170 10 — 10 80 40) 


p-Chlorophenyl p-chloro- 
benzenesulfonate 50%, 
1.5 lb. 30 30 0 — 50 20 0 





Third cover applied only to parathion plots for this species. 
August application only. Previous applications did not contain DMC, 


ind the infestation increased very little after the though an additional application was made early in 
last application; in 1952, 1 pound in the second August. But in combination with DMC, both used 
cover spray controlled quite well, but it failedin the at half strength, it gave good control. The other 
hird cover (table 2). Analysis of this parathion acaricides were so effective that the August applica- 
showed it to be up to the strength stated on the _ tion was not necessary. Some differences appeared, 
label—that is, slightly more than 15 per cent. the mites increasing late in the season more in trees 
In 1952 experiments against mites were started sprayed with malathon, R-242, and p-chloropheny! 
in a second apple orchard, one which had never been _p-chlorobenzenesulfonate than in trees sprayed with 
used before but which was infested with European EPN, Systox, or Aramite. 
red mites and what is probably Tetranychus me- The infestation of European red mites was greater 
lanieli McG. Both species turned out to be resistant than that of the other species three weeks before the 
to parathion. The history of this orchard is not second cover spray, because the first application had 
known, except that it had undoubtedly been sprayed been made when this species was mostly in the egg 
with parathion for two or three seasons. stage and none of the acaricides had controlled it 
Table 3 gives the results obtained in both orchards _ well. It should be noted also that the population of 
in controlling the three species of mites. An earlier this species has more of a tendency to decline late 
application of acaricides, not shown in the table, had in the summer than that of Tetranychus because of 
heen made in both orchards in June. Parathion the increasing deposition of winter eggs that do not 
lone was outstanding in its failure to control the hatch until the following season. Here again control 
Pacific mite, but all other acaricides controlled it | with parathion was poor even with the additional 
very well. application in August. In combination with DMC it 
Parathion also failed to control mcdanieli, even was somewhat better. Malathon controlled well, but 
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not so quickly as some of the others. EPN and 
Aramite were perhaps not quite so effective as 
malathon, Systox, R-242, or p-chloropheny! p-chloro- 
benzenesulfonate. 

There are indications from these tests and from 
observations made in other orchards that for con- 
trolling resistant mites it may be advisable to use 
more than one acaricide during the season, either 
alternately or in combination with parathion. 

Summary.—In the Pacific Northwest resistance 
to parathion has developed in three species of 
orchard mites—Metatetranychus ulmi (Koch), Tetra- 
nychus pacificus McG., and T. medanieli McG. It 
seems to have been brought about by repeated ap- 
plications of parathion. Good control of these re- 
sistant mites has been obtained by combining 
parathion with DMC, or by using malathon, EPN, 
Systox, Aramite, R-242, or p-chloropheny] p-chloro- 
benzenesulfonate. 
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Rhagoletis cingulata on Wild and 
Cultivated Cherries in Eastern 
Washington’ 


H. G. Simxover, Washington State College, 
Pullman, Washington 


The status of the wi'd forms of the cherry fruit 
fly, or those found in wild cherries, presents a dual 
problem to the Washington Cherry Industry. Many 
important cherry-growing areas are in close proxim- 
ity to wild cherry trees. In eastern Washington, 
Prunus emarginata, the wild pin cherry, and P. 
virginiana var. demissa, the wild choke cherry, occur 
in most orchard areas. Furthermore, cherry fruit 
flies are common in these native hosts. A program of 
eradication or control cannot be considered feasible 
until it is established definitely that the “wild”’ bosts 
serve as reservoirs for these pests of the cultivated 
varieties of cherries. Secondly, lifting the embargo on 
Washington cherries by out-of-state cherry-produc- 
ing areas where the wild form of fruit fly is con- 
sidered a distinct species might be considered, if 
proof could definitely be established that the culti- 
vated and wild forms were synonymous. 

Curran (1932) described Rhagoletis indifferens as 
new. He separated it from the closely related 
Rhagoletis cingulata (Loew) by the character of the 
male genitalia, notably the ‘‘remarkably wide sus- 
tentacular apodeme in R. indifferens.”” Curran fur- 
ther pointed out that R. indifferens does not ovi- 
posit on cultivated cherries, and attempts to induce 
R. cingulata to oviposit on wild cherries were un- 
successful. Benjamin (1934) maintained that the 
ejaculatory (sustentacular) apodemes in the speci- 
mens he studied were quite variable in width. He did 
not agree with Curran and accordingly synonymized 
R. indifferens with R. cingulata. Pickett (1937), in 
studying a number of Rhagoletis species, also con- 
cluded that wide variations exist in the structure of 
the ejaculatory apodeme of a given species. He 
agreed with Benjamin (1934) in considering R. 
indifferens and R. cingulata as a single species. Jones 
(1942) questioned the validity of setting up R. in- 
differens as a distinct species. Phillips (1946) agreed 
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with the specific rank of R. indifferens based on her 
study of the larvae. Glasgow (1933), in an intensive 
host study of the cherry fruit flies, concluded that 
Prunus serotina and Prunus pennsylvanica in the 
ast were wild native hosts of major importance to 
R. cingulata and R. fausta 

Metnops.—In 1951 approximately 1000 pupae 
were sifted from soil under a Prunus emarginata 
tree. These pupae were collected at White Salmon, 
Wash., just across the Columbia river from Hood 
River, Oregon, the type locality of R. indifferens. 
The adults which emerged were used for 1951 cross- 
breeding experiments and for study of the male 
genitalia. The flies were reared in the laboratory at 
room temperature. Ten female “wild” flies were 
placed in a lantern chimney with ten males reared 
from pupae sifted under Bing cherry trees at Prosser, 
Wash., in the lower Yakima Valley cherry district, a 
district in Washington isolated from wild cherries, 

Ten male “wild” flies were crossed with ten female 
orchard-reared flies. In addition, male and female 
“wild” flies were paired and male and female or- 
chard reared flies were crossed and these served as 
checks. Each series of crosses was replicated twice. 
The flies were fed sucrose solution on absorbent 
cotton, and Bing cherries were introduced into the 
chimneys after copulation was first noted. Fresh 
cherries were placed in the chimneys every second 
day. After exposure to the flies, the cherries were 
placed on quarter-inch mesh screen suspended over 
the mouth of quart cartons which contained moist 
vermiculite (exploded mica) in which the maggots 
pupated. The pupae of the 1951 experiment were 
retained for the 1952 trials. The pupae were left in 
refrigeration over the winter and placed in room 
temperature in the spring. The adults of the resulting 
F 1 generation were crossed as outlined in table 2. 
In the 1952 trials, only 5 flies of each sex of the F 1 
generation were introduced into the lamp chimneys. 
In this case, the flies were given a choice of culti- 
vated cherries or wild pin cherries. The number of 
pin cherries introduced into each lantern was such 
that the oviposition surface of these smaller fruits 
closely approximated that of the cultivated cherries. 
The 1951 P 1 trials were repeated using five flies of 
each sex and giving the females a choice of cherries 
for oviposition. To obtain a more accurate evalua- 
tion of the oviposition of the flies, the cherries were 
boiled, macerated, and examined for eggs or maggots 
a few days after removal from the chimneys. 

Rrsu.tts.—Examination of the male genitalia of 
the flies reared from the pupae collected under the 
Prunus emarginata tree revealed a great variation in 
the width of the ejaculatory apodeme. Study of 
larvae collected from cherries of the same tree later 
in the season also failed to confirm the criteria set up 
by Phillips (1946) separating Rhagoletis indifferens 
from R. cingulata, She based her separation of R. 
cingulata and R. indifferens on the bifid nature of 
the intermediate tubercles at the caudal end of R. 
cingulata larvae and the presence of hexagonal or 
circular meshes found in the posterior spiracle cham- 
ber of R. indifferens. 

The results of the 1951 crosses are summarized in 
table 1. These data show clearly the capacity of the 
“wild” and “cultivated” flies to interbreed and pro- 
duce offspring which apparently pupate normally. 
Time of adult emergence from the reared pupae of 
these crossings did not differ appreciably. This would 


1 Scientific Paper No. 1175, Washington Agricultural Experi- 
ment Stations, Pullman. Project No. 791. 
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idicate that later appearance of ‘‘wild”’ flies in wild 
cherries (Jones 1942) was not a character which bred 
true. Measurements made on the width of the ejacu- 
latory apodeme of the F 1 flies are included in table 
1. The width was measured across the widest portion 
of the structure. The ranges in widths of the apo- 
deme were highly variable. 


Table 1.—Results of crossing experiment with 
Rhagoletis flies reared from pupae sifted under 
Prunus emarginata-(w)-mated with flies reared 
from pupae sifted in cherry orchard-(c)-. 1951 
Prosser, Wash. 








Wiotn or Esyacuta- 
TORY APODEME 


Ist or F 1 Mates 
Cross EMER- = ———-—--—_—- 
— No. GENCE Mean- Range- 
Male Female Pcpar 1952 mm.! mm, 
w x w 89 6-26 245 .140—.301 
Ww y 4 w 37 7-1 224 .098—.294 
¢ r 4 w 64 6-26 . 259 . 196—.308 
¢ x w 11 . 1262 — 
Ww p 4 c 59 6-26 . 168 .O77—. 252 
w xX ce 60 6-25 . 266 .196—.301 
r y 4 ec 0 — — — 
c x c 81 6-24 . 168 .084—. 280 





! Based on measurement of 10 ejaculatory apodemes. 
2 Based on measurement of a single ejaculatory apodeme. 


Attempts to study the giant salivary chromosomes 
of the larvae did not meet with success. Difficulty 
was encountered in staining procedures where the 
regular Drosophila chromosome smearing techniques 
were employed. 

The 1952 results summarized in table 2 show that 
the crosses of the second generation flies (F 1) also 
interbred readily. Furthermore, the data presented 
clearly demonstrate a preference by all crosses to 
oviposit on cultivated cherries. 


Table 2.—Summary of P 1 and F 1 crosses with 
Rhagoletis flies reared from pupae sifted under 
Prunus emarginata -(w)- mated with flies reared 
from pupae sifted in cherry orchard -(c)- and 
given choice of native and cultivated cherries for 
oviposition. 1952 Wenatchee. 





LARVAE 


FounpD 
Cross Cutti- Prunus 
GENER- ——-—-——-—-———_ VATED emar- 
,TION. ~—s Male Female CHERRIES ginata 
ro Ww bd W 13 0 
w x Ww 9 0 
c x w 29 0 
c x Ww 11 0 
w p c 0 0 
Ww mx c 21 0 
c x c 20 0 
c ~*~ c 20 0 
F W 4 Ww 51 5 
Ww > Ww 58 6 
c x Ww 34 2 
c y 4 Ww Q7 0 
Ww x r 48 3 
Ww x C 19 Q 
c x c 36 0 
c 7 c 23 3 
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The orchards immediately adjacent to the city of 
Wenatchee are, so far, free from the cherry fruit fly. 
Yet in the canyons near by where the native choke 
and pin cherry trees are abundant, pupae of Rhago- 
letis cingulata have been sifted from soil. These 
pupae were found to be heavily parasitized by spe- 
cies of Opius, and perhaps it is the presence of these 
parasites which has thus far kept the fruit fly from 
neighboring cherry orchards. The recent occurrence 
of the fruit fly in the Wenatchee Valley might be at- 
tributed to a natural decline in parasite numbers in 
some localities. 

Summary.—The use of the morphological char- 
acter, the width of the ejaculatory apodeme, as em- 
ployed by Curran in erecting Rhagoletis indifferens 
has been shown to be highly variable. Oviposition on 
cultivated cherries by the “‘wild” strain of flies has 
been shown even when a choice was offered between 
the native host and cultivated cherries. The two 
strains of flies interbred and produced apparently 
normal offspring. 

The author challenges the validity of Rhagoletis 
indifferens and believes the cherry fruit fly found on 
native Prunus emarginata and P. virginiana var. 
demissa in Washington is R. cingulata. 
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A Grasshopper Outbreak Near Palmer, 
Alaska 1951: 


Ricuarp H. WasHsurn? 


Grasshoppers have been known in Alaska from the 
earliest collections made in the Territory. In none of 
the early reports is any mention made of damage to 
cultivated crops or the occurrence of unusually large 
numbers at any one time. According to the literature 
available the species found have been Caudell 
(1900), Melanoplus borealis Fieb., Kukak Bay (Ku- 
lak Bay on Kodiak Island); Caudell (1915), Podisma 


frigida Boh., Alaska Yukon boundary 60° 20’ N.; 


Hebard (1935), Aeropedellus variegatus ssp. arcticus 


1 Contribution from the Entomology Department of the 
University of Alaska Agricultural Experiment Station in co- 
operation with the Agricultural Research Administration, United 
States Department of Agriculture. Paper 5, Journal Series. 

2 Entomologist, Alaska Agricultural Experiment Station, 
Palmer, Alaska. 
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Alaska; and according to Scudder (1898), Melano- 
plus kennicotti Scudder, M. alaskanus; M. atlanis 
(Riley); and M. extremus Walker, Alaska. 

Other records based on collections by the author 
and at present in the Experiment Station collection 
in Palmer are Tetriz granulata Kirby, Palmer; Neo- 
podismopsis abdominalis (Thom)., Fairbanks; Chor- 
thippus longicornis (Latr.), Circle; Melanoplus mexi- 
canus alaskanus Sc. Fairbanks, Big Delta and 
Palmer. 

In late July 1951, two farms 8 miles south of 
Palmer reported appreciable damage to gardens and 
small fruits due to grasshoppers. These farms were 
located on the south side of a rock formation known 
as Bodenburg Butte. These reports were investi- 
gated and the following crops were found to be se- 
verely damaged: cabbage, lettuce, turnips, rhubarb, 
carrots and raspberries. A field of oats-and-peas 
grown for hay had a 10 foot swath that had been 
eaten down to about 6 inches above the ground. The 
grasshopper population ranged from an estimated 
300 per square yard near the Butte to about 5 per 
square yard } mile away. These grasshoppers were 
identified as Melanoplus mericanus mexicanus 
(Sauss.) by Division of Insect Identification. 

Mating was observed in garden areas but no egg 
pods were found on the side of the Butte or in grass 
clumps at the base. Further searches for egg pods in 
mid-August were successful and a number of egg 
pods were found in root clumps of Hordeum jubatum 
L. locally known as wild barley. 

Further investigation in 1952 showed that the 
grasshoppers had not succeeded in establishing them- 
selves in areas at the base of the Butte although they 
were present in normal numbers at higher elevation 
on the Butte. 

It is presumed that the outbreak was brought 
about by a period of warm weather in early July, 
1951, unequaled in 35 years. This caused rapid ma- 
turity of the grasshoppers, early depletion of normal 
feeding grounds at higher elevations on the Butte 
and dispersal to other sources of food. 
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Concentrations and Exposure Time of 
Lindane Vapor Required to Kill 
Insects* 


W. N. SuLtiIvAN and Irwin Hornstein, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


That lindane vapor is toxic to insects has been 
shown by Slade (1945) and Fulton et al. (1950), and 
its use for this purpose has come into recent promi- 
nence. Less well known are the concentrations and 
time required to kill insects. A precise method for 
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determining lindane-vapor concentrations was de- 
veloped at the Beltsville, Md., laboratory of the 
Bureau of Entomology and Plant Quarantine. This 
analytical method was then used in determining th: 
lindane time-concentration values in relation t 
mortality of various insects. The results of this work 
are given in this paper. 

Mernops.—The chemical and biological tests 
were made in a Peet-Grady chamber and in a cabi 
net. 

The Peet-Grady chamber was lined with brown 
wrapping paper, and lindane vapor was dispersed in 
it by the method described by Sullivan (1951 
Briefly, 8.3 grams of lindane in enough acetone to 
dissolve it was sprayed on a 6-inch-square Fiberglas 
filter to give an even deposit. The treated filter was 
then mounted on a 6-inch fan, which was placed on 
the floor in one corner of the chamber. The air 
stream passing through the filter was directed up- 
ward against the opposite wall. In this manner 
lindane vapor was dispersed throughout the cham- 
ber for a minimum of 24 hours prior to each test. The 
temperature of the chamber was maintained at 
either 24° or 30° C. 

To avoid possible dispersion of solid particles of 
lindane as well as vapor in the air, tests were made 
in a closed lindane-treated cabinet (2.5 by 2.5 by 4 
feet) with glass doors and walls and wooden top and 
bottom. This cabinet was painted with a solution 
containing 10 grams of lindane in enough acetone to 
dissolve it, aired, and then closed for 1 week to let 
the lindane concentration attain equilibrium. Air 
samples were then taken for chemical analysis, and 
biological tests were made with a minimum of 
equilibrium disturbance. 

The procedure used to determine the lindane- 
vapor concentration in air was an adaptation of the 
colorimetric method for determining benzene hexa- 
chloride recently described by Schechter & Horn- 
stein (1952). Two methods were used to collect the 
air samples. One way was to pull the air sample 
through an alumina adsorption column and wash 
the adsorbed lindane off with acetic acid. The other 
method was to pull the air through two glass wash- 
ing bottles containing acetic acid. The lindane was 
then dechlorinated to benzene and nitrated to 
m-dinitrobenzene, which after extraction was 
reacted with methyl ethyl ketone in the presence of 
strong alkali. The violet-red color that developed 
was measured photometrically. The precision ap- 
peared to be +2 per cent. A full description of the 
method is contained in a paper by Hornstein & 
Sullivan (1953). 

The biological tests were run in the chamber and 
in the cabinet. House flies, Musca domestica L., yel- 
low-fever mosquitoes, Aédes agypti (L.), and large- 
nymph and adult American cockroaches, Periplaneta 
americana (L.), were placed in 2.5- by 7.5-inch wire- 
screen cages. They were then exposed for a time 
period dependent on their relative susceptibility to 
lindane vapor. Adults of the bean weevil, Acantho- 
scelides obtectus (Say), and the confused flour beetle, 
Tribolium confusum Duv., were placed in open petri 
dishes and exposed in a like manner. From 6 to 10 
replications were made. 

Resutts.—When air was blown through the 
lindane-treated filter in the Peet-Grady chamber, 
there was 0.60 microgram of lindane per liter of air 
present at 24° and 1.19 micrograms at 30° C These 
amounts represented 70 and 65.5 per cent of satura- 


1 Presented at the meeting of the American Association of 
Economic Entomologists at Philadelphia, Pa., December 15-15 
1952. 
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tion, respectively. The results of the biological tests 
in the chamber are shown in table 1. 

When the inside surfaces of the small cabinet were 
painted with lindane, 91 per cent of saturation was 
obtained. In the biological tests 94 per cent mortal- 
ity was obtained when house flies were exposed for 
10 minutes at 27° C. 

[hese high concentrations of lindane vapor in air 
were very effective against small flying insects, but 
the cockroaches and confused flour beetles were 
much more resistant. The relative efficiency of 
lindane vapor against those insects tested was as 
follows: Yellow-fever mosquito>house fly >bean 
weevil > confused flour beetle > American cockroach. 


Table 1.—Effectiveness against various insects 
of two concentrations of lindane vapor in a Peet- 
Grady chamber. 








Per CENT 
MortTAatity 


0.60 1.19 


Micro- Micro- 
gram grams 
EXPOSURE per per 
PERIOD Liter Liter 
INSECT (Minutes) T=24°C. T=30° C. 
American cock- 60 2) 33 
roach 240 48 72 
Confused flour 60 12 67 
beetle 120 38 72 
180 56 88 
Bean weevil 15 80 95 
30 96 100 
House fly Q 59 75 
5 79 97 
10 90 100 
Yellow -fever 2 99 100 
mosquito 5 100 100 
10 100 100 





Discusston.—Although small flying insects are 
easily killed with 0.60 to 1.19 micrograms of lindane 
per liter of air, it is probable that practical control of 
roaches and confused flour bettles could only be at- 
tained at higher concentration or longer exposures. 

In work not reported in this paper it has been 
shown that under practical operating conditions 
lindane-vapor concentrations of 0.02 to 0.2 micro- 
gram per liter effectively controlled small flying in- 
sects when long exposure periods were used. In addi- 
tion it appears that lindane is deposited in differing 
degrees on various surfaces to form a toxic residue 
which contributes to the effectiveness of this method 
of lindane dispersal. For example, glass has little 
specific adsorption for lindane while rubber appears 
to adsorb lindane vapors readily. It would therefore 
seem advisable to consider a wide concentration 
range of lindane both in air and as a residual deposit 
when making toxicological evaluations against 
warm-blooded animals. 
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Importance of a Thrips in Red Spider 
Control’? 


Cuarues Lincoin, F. J. Wriiiams, and 
Gorpvon Barnes, University of Arkansas 


In 1952 red spider infestations on cotton in 
eastern Arkansas were the most widespread in 
history. A potentially serious general outbreak was 
prevented by the predatory activity of a thrips, 
Sericothrips variabalis (Beach). 

Red spider has been a pest of cotton in eastern 
Arkansas for many years, antedating the use of 
organic insecticides. Approximately five per cent of 
the cotton fields in the northern half of the Missis- 
sippi delta proper in Arkansas was infested in 1940 
according to Isely (1). He wrote, ‘Most infestations 
originated in the edges of adjacent woodland, ditch 
banks, or levees, situations which doubtless favored 
the occurrence of their winter or intermediate 
hosts.” 

In 1952 red spider infestations were even more 
widespread than in 1940. Eighteen per cent of the 
fields were infested, according to records of cotton 
scouts who checked more than 1000 fields through- 
out eastern Arkansas, a much wider area than was 
scouted in 1940. 

Many of these infestations were scattered through 
cotton fields with no apparent relationship to field 
borders. Winter must have been passed on green 
plants within the fields and enough mites survived 
the processes of preparation of land to start infesta- 
tions in cotton. Widespread use of winter cover crops 
may have encouraged survival within fields but no 
data were obtained bearing on this point. Below 
normal rainfall probably encouraged survival and 
establishment of small surviving populations from 
winter hosts. Average rainfall was 2.47 inches in 
May, 0.28 inch in June, 1.39 inches in July, and 
3.70 in August. This is an average of four locations 
within the area. 

When the first records were made the week of 
June 21, only 1.3 per cent of about 1000 fields were 
infested. This increased steadily until 18 per cent of 
the fields were found infested the week ending July 
26. Infestations held up for another week and then 
dropped rapidly, less than 1 per cent of the fields 
being infested the week ending August 16. 

The rapid drop in infestations is attributed al- 
most entirely to predatism by a thrips, Sericothrips 
variabalis. Counts in one field disclosed 278 thrips 
and 121 red spiders on 80 leaves on August 3. Symp- 
toms indicated a moderate spider mite infestation 
of recent date. 
of the Journal Series, University of 


1 Research Paper 


Arkansas. 

2 Cotton States Branch Program. 

3 Determined by Kellie O'Neill, Division of Insect Detection 
and Identification, BEPQ, USDA. 








900 JOURNAL OF Economic ENTOMOLOGY 


In another field infestation was high and appar- 
ently increasing on July 28. Four days later little 
infestation was left. Many dead mites were found. A 
high population of thrips coincided with the area 
recently infested by red spider. 

A thorough search was made in three widely 
separated areas for an infestation suitable for tests 
of miticides. Two tests were started but yielded no 
valid data as populations in checks dropped rapidly. 
In all of the several infestations that were observed 
closely, thrips were the apparent cause of the de- 
cline in red spider populations. 

Two encounters between a nymphal thrips and a 
red spider were observed under a binocular micro- 
scope. The mite was grasped behind the head and 
held for about 1 minute. One mite struggled and the 
other did not. The thrips changed color somewhat 
as it filled on body fluid of the mite. After release the 
mite continued to move its legs, for a few seconds in 
one case and for several minutes in the other. 

Insecticide use on cotton in Arkansas was very 
light until mid-August. Most of the considerable 
amount used was dust containing 40 per cent sulfur. 
Insecticides appeared to have very little relation to 
the rise and decline of the mite infestation. 

Rainfall was fairly general around the first of 
August. All of our observations, however, point to 
predatism by thrips rather than beating rains being 
responsible for the drop in infestations. 

SumMaAry.—Red spider infestations were un- 
usually widespread in eastern Arkansas in the sum- 
mer of 1952. Predatism by a thrips brought the out- 
break under complete control. Insecticides played 
little part in the rise and decline of spider mite in- 
festations. 


A Chicken Mite Infestation in a 
Hospital’ 
Joun H. Brown,? Edmonton, Alberta 


In early June, 1952, Dr. M. G. McCallum, Direc- 
tor, Hospital & Medical Services, received notifica- 
tion that an infestation of mites was present in the 
operating room of a hospital located in the southern 
part of the province of Alberta. He was also notified 
that the operating room would be closed until the 
infestation was brought under control. 

On June 10, 1952, the writer was sent to the 
hospital to investigate the situation. The hospital 
is a three-story brick and wood structure built 
around 1912, and is well kept and in an excellent 
state of preservation. No mites were found except 
in the operating room, which is located on the north- 
west corner of the top floor. The operating room 
does not possess a sky-light but is naturally lighted 
by windows on the north and west sides. 

An examination disclosed that mites were present 
on the windows of the north and west walls and on 
the electrical fixtures suspended from the ceiling, 
with a particularly heavy infestation around a stack 
pipe leading through the ceiling from a sink on the 
west wall. 

The mites were tentatively determined by the 
writer as the chicken mite, Dermanyssus gallinae 
DeGeer. This determination was subsequently con- 
firmed by Dr. E. W. Baker of the United States 
Bureau of Entomology and Plant Quarantine. 

As the heaviest concentration was found on the 
stack pipe near the ceiling it was surmised that the 
source of the infestation was probably in the attic 
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above the operating room. An examination of the 
attic disclosed numerous recently abandoned spar- 
row nests but no means of entrance or exit for the 
sparrows. An interview with the Business Superin- 
tendent elicited the information that about 2 weeks 
previous to the first appearance of the mites in the 
operating room the wooden trim around the win- 
dows, eaves, etc. had been painted. Contact was 
immediately made with the master painter who had 
done the work and it was learned that while painting 
under the eaves on the west wall of the operating 
room, the painters had found a large hole through 
which the sparrows entered to their nests. The 
painters had closed up this opening as a matter of 
course and finished the painting. 

From the fact that the opening in the ceiling for 
the passage of the stack pipe was in close proximity 
to the abandoned sparrow nests, and that the 
greatest concentration of mites was immediately 
adjacent to the opening it was deduced that the 
mite infestation had originated in the sparrow 
nests. It was further deduced that the closing of the 
entrance for the sparrows had deprived the mites 
of their normal hosts and that they had migrated 
from hunger, population pressure, etc., through the 
opening around the stack pipe to the operating 
room. 

The sealing off of the opening around the stack 
pipe and a thorough housecleaning of the operating 
room soon brought the infestation under control and 
no further trouble was encountered. 


Studies on the Chromatography of 
Gyptyl Azoate 


Frep Acres, Jr., U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Gyptol, the sex attractant extracted by benzene 
from the abdominal tips of virgin female gypsy 
moths, Porthetria dispar (L.), was reported by 
Haller et al. (1944) and Acree (1953) to be an alcohol 
that could be concentrated by several methods. In 
the most effective method, gyptyl acid succinate was 
highly concentrated by chromatographing the mix- 
ture of succinic acid esters and their benzylamine 
salts prepared from the unsaponifiable fraction of the 
benzene extractive. However, because the choice of 
appropriate fractions for further purification was 
greatly hindered by the absence of suitable chemical 
or physical laboratory tests for gyptol, and also be- 
cause two batches of these succinic acid esters were 
unaccountably deactivated during preparation, it 
seemed probable that some colored derivative of 
gyptol might be resolved more efficiently from the 
steroidal contaminants. 

To this end attention has again been directed to 
the azoates (p-phenylazobenzoyl esters), which had 
been shown to give well-colored zones on alumina 
and Florisil when chromatographed _ previously 
(Acree 1953). Of the adsorbents more recently ex- 
amined, 7.e., silicic acid, Hyflosupercel, 2:1 talc- 
Hyflosupercel, calcium carbonate, magnesium oxide, 
and magnesium carbonate, the last mentioned 
offered the most promise. Flowing chromatograms 
on this adsorbent have been made of the crude azoy! 


1 Contribution No. 50, Division of Entomology. Alberta 
Department of Public Health. 

2 Director, Division of Entomology, Alberta Department of 
Public Health, Edmonton. 
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esiers prepared according to Umberger & Curtis 
(1949) from the unsaponifiable fraction obtained 
from virgin female moths processed in 1947. 

In the first experiment? several colored zones of 
these azoates (882 mg.) developed on the column, 
and then all the activity was found to be in the yel- 
low zone (205 mg.) and the brown zone (57 mg.) that 
percolated from the magnesium carbonate with 
Skellysolve B, whereas most of the steryl azoates 
were in the orange zone (135 mg.). Most of the 
activity was in the brown zone, and material (322 
mg.) from combined lots of this zone was chro- 
matographed under the same conditions and yielded 
a brown zone followed by a yellow zone. The partly 
crystalline active material (59 mg.) obtained from 
this brown zone was then chromatographed through 
several additional columns by using Skellysolve A, 
and finally consisted of a partly crystalline product 
(35 mg.), which after separation and recrystalliza- 
tion melted at 75-79° C. Since both the crystalline 
product and the mother-liquor residue were active 
but were thought to be contaminated by an im- 
purity discovered to be present in the Skellysolve A, 
they were combined and chromatographed on the 
stronger absorbent, magnesium oxide. The azoate, 
however, was decomposed by this treatment. 

In the meantime, it became of interest to chro- 
matograph the original unsaponifiable fraction 
(2.294 g.) on magnesium carbonate. Several colored 
zones developed on the column and all the activity 
was contained in the first yellow zone (764 mg.) that 
percolated from the column with Skellysolve B; 
thus, considerable purification was effected. 

In the second experiment azoates prepared from 
this active yellow zone, when chromatographed on 
magnesium carbonate with Skellysolve B, yielded 
zones of the same threshold volumes and colors as 
those obtained in the first experiment. Similar frac- 
tions were prepared by chromatographing additional 
quantities of these esters. However, it was suspected 
that the esterification with azoyl chloride had not 
been quantitative, because the yellow zones from 
both the first and second experiments were active 
and had approximately the same threshold volume 
as the yellow zone obtained upon chromatographing 
the unsaponifiable fraction. Therefore these yellow 
zones were combined and reprocessed. Finally, all 
appropriate fractions obtained from 1.29 g. of 
azoates were combined and yielded the quantities 
indicated: All the clear percolate to the exit of the 
yellow zone (279 mg.), the yellow zone (334 mg.), 
the brown zone (17 mg.), the orange zone (5 mg.), 
and the material (73 mg.) eluted with 3 per cent 
ethanol-Skellysolve B. 

When the results of field tests of these fractions 
became available it was learned that the clear per- 
colate was inactive, the yellow zone was slightly 
active, and the material finally eluted from the 
column was only slightly active. Contrary to ex- 
pectation from this experiment, the orange zone was 
very active. It appeared to be free of steryl azoates. 
The brown zone, since previous lots had contained 
most of the activity, by that time had already been 
chromatographed with Skellysolve A and had 
yielded an active clear percolate (4.5 mg.), an in- 
active brown zone (12 mg.), and two yellow zones 
which had been eluted as one fraction (5.2 mg.) that 
was very active. 

The change in the distribution of activity in the 
more elaborate chromatographic pattern of the 
second experiment from that of the first experiment 
was similar to the lack of correlation between color 
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and activity in connection with the chromatography 
of the succinates (Acree 1953). Furthermore, the 
color of the zones had become less dense on subse- 
quent columns. In addition, sketchy evidence ob- 
tained from time to time had indicated the existence 
of more than one active principle. It was concluded, 
therefore, that some means other than visual ob- 
servation is essential to the efficient collection of 
fractions of gyptol or its derivatives. 

In the meantime the difference that had been de- 
termined to exist between the ultraviolet absorption 
spectra (Fig. 1) of uncombined gyptol and the azoyl 
fractions from the first experiment and cholestery] 
azoate led to an adaptation of the chromatographic 
process employing absorbancy ratios (Beroza 1950). 
By this method the material (5 mg.) contained in the 
active orange zone obtained from the second experi- 
ment, when chromatographed on magnesium car- 
bonate with Skellysolve B, gave the elution pattern 
(Fig. 2) plotted from the absorbancies determined at 
385 and 450 millimicrons on the fractions of perco- 
late collected systematically. Ultraviolet spectra of 
zones, 2, 3, and 4 were typical of those of the azoates 
shown in figure 1. Zone 1 gave a spectrum essentially 
the same as that of the uncombined gyptol fraction 
(curve 1, Fig. 1). This spectrum also was given by 


1 Field tests of fractions from experiments described herein 
were made through the cooperation of Clifford E. Hood, George 
C, Tierney, and Ralph F. Holbrook in 1948, 1949, and 1950, 
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that give higher absorbancy values for both gyptol 
and the azoates. For brevity, only the chromato- 
graphic pattern obtained from zone 2 is shown in 
figure 3, but in each product the symmetry, the 
threshold volume, and the absorbancy ratio of the 
main zone coincided closely with what might be ex- 
pected for a pure compound, although the calculated 
absorbancy ratios indicated some _ heterogeneity. 
The presence in each chromatographic pattern of 
the small zone whose absorbancy ratio and threshold 
volume are typical of the gyptol fraction (zone 1, 
Fig. 2) indicated that the azoates had undergone 
limited hydrolysis on the column; this was proved 
when the main zone (Fig. 3) was chromatographed 
on a more active magnesium carbonate with iso- 
octane as the solvent and yielded, as shown in figure 
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$, an appreciable quantity of the gyptol zone at the 
expense of the azoate zone. 

From the evidence presented it seems reasonable 
to conclude that the azoates contained in zones 2 to 

(Fig. 2) are different compounds, but owing to the 
paucity of material it has not been possible to de- 
termine whether their difference is due to spatial 
configuration in the azoy] radicals or to the presence 
of more than one gyptol. Furthermore, it seems to be 
evident that most of the nonattractive products have 
been eliminated by the methods employed in these 
last two experiments and that the azoates had been 
obtained from their second chromatograms (Fig. 3) 
in an essentially pure condition. In addition the 
value of the last method for following the chro- 
matographic progress of microquantities has been 
definitely confirmed. 

Further chromatographic studies on the isolation 
of gyptol are being continued. 
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An Abridged Procedure in the Schech- 
ter Method for Analyzing DDT 
Residues’ 


P. L. Pontorrero and J. M. Ginsspura, New Jersey 
Agr. Expt. Station, New Brunswick 


The colorimetric method developed by Schechter 
et al. (1945) and later modified by Wichmann et al. 
(1946), has become a standard procedure for 
analyzing DDT in various insecticide formulations 
and in spray residues. Briefly, the principal steps of 
the method are as follows: 

Extracting the DDT with benzene; evaporating 
the benzene; nitrating the dry residue; extracting 
the nitrated mixture with ether, followed by several 
washings; evaporating the ether; re-extracting the 
dry residue with benzene; developing color with 
sodium methylate,—blue for p,p’-isomer and violet- 
red for 0,p’-isomer. The color intensities are propor- 
tional to DDT-concentrations and are measured on 
the electrophotometer or spectrophotometer. 

The technique of this method requires many op- 
erational steps and is time-consuming. Several 
modifications of the procedure have been suggested. 
The possibility of extracting the nitrated mixture 
directly with benzene is mentioned in the original 
publication by Schechter et al. (1945). Based on this 
suggestion, Alessandrini (1948) described a rapid 
method. Fahey et al. (1951) has shortened the pro- 
e-dure by analyzing only the p,p-‘isomer. Downing 
& Norton (1951) have eliminated the ether extrac- 
tion of the nitrated mixture which shortened the 
method and also permitted shaking in glass- 
stoppered bottles by machine instead of in separa- 
tory funnels by hand. 

The authors have attempted to combine the above 
two short-cuts, namely, elimination of the ether 
extraction of the nitrated mixture and limiting the 
estimation of DDT to its p,p’-isomer content. The 
technical grade DDT, at present employed in pre- 
paring commercial insecticides, has been standard- 
ized and usually contains 80 to 85 per cent p,p’- 
isomer, the main toxic component, and 10 to 15 
per cent 0,p’-isomer, which ranks very low in toxic- 
ity, Jones et al. (1946), Cristol et al. (1946), and Gins- 
burg (1947). It is, therefore, logical that the primary 
interest should be concentrated in analyzing the 
p,p’-DDT content. 

The details of this abridged procedure are, with 
minor modifications, the same as those outlined in 
the Schechter colorimetric analysis with the ea- 
ception that the nitrated mixture is extracted once 
with benzene instead of first being extracted with 
ether, then washed, evaporated and reextracted with 
benzene. Also, the color is developed only for the 
p,p’-isomer. By these two modifications, consider- 
able time is saved in the chemical analysis. For con- 
venience, the procedure, as developed in this in- 
vestigation, is here briefly outlined. 

REAGENTS AND APPARATUS REQUIRED.—Benzene. 

C.P., thiophene-free. Nitrating mixture, 1 volume 
conc. H,SO4+1 volume fuming HNO; (1.5 sp. gr.); 5 
per cent NaOH solution. Filter cell. Saturated 
NaCl solution. Decolorizing carbon. Sodium 
methylate soln.—10 gm. NaCH;0 in 100 ml. of ab- 
solute methyl alcohol. Erlenmeyer flasks, porcelain 
pans, desiccator plates, thermometers, pear-shaped 
separatory funnels, glass-stoppered bottles, electro- 
photometer or spectrophotometer and water bath. 

ProcEpURE.—The sample is extracted with a 
definite volume of benzene. If the strip solution is 
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colored it may be decolorized by shaking for about 
10 minutes with 2 to 3 grams per 100 ml. of the fol- 
lowing mixture: Filter cell 80 per cent, decolorizing 
carbon 20 per cent. The mixture is rapidly filtered 
and aliquots are taken for analysis. The aliquots are 
cautiously evaporated to dryness in small Erlen- 
meyer flasks on a steam bath with gentle air current. 
The flasks are cooled, 5 ml. of cold nitrating mixture 
added, and rotated to wet all portions of the residue. 

Place flasks in a porcelain pan of water, weighted 
down with a porcelain desiccator plate so that the 
neck of each flask fits into a “‘crucible-hole.”’ Heat on 
a steam bath under hood, regulating temperature by 
the addition of cold water or ice cubes to the pan to 
reach 85° C. within 20 to 30 minutes. Place flask 
directly on steam bath and continue heating for 30 
minutes. Remove flasks from bath and allow to cool. 
Pour contents of flask into pear-shaped separatory 
funnel (250 ml. capacity) containing 25 ml. cold 
distilled water. Rinse flask twice with about 10 ml. 
distilled water. Add exactly 25 ml. benzene to the 
separatory funnel and shake vigorously for about 1 
to 2 minutes. Allow layers to separate and discard 
water. Add 10 ml. of 5 per cent NaOH, shake for 1 
minute and discard water. This step may have to be 
repeated several times or until the solution becomes 
colorless. Wash twice with 15 ml. of saturated NaCl 
solution, discarding the water layer each time. 
Filter benzene layer through dry absorbent cotton 
into a small, glass-stoppered flask. This solution con- 
tains the p,p’-DDT and is ready for colorimetric 
analysis. 

Cotor DEVELOPMENT.—Mix 2.5 ml. of the ben- 
zene solution with 5 ml. sodium methylate solution 
in a glass-stoppered bottle and allow 15 minutes for 
the blue color to develop. Determine photometric 
density in a microabsorption cell on the electro- 
photometer at a wave length of 580 my, (filter #58) 
and compare with the standard curve, similarly de- 
veloped from pure p,p’-DDT. 

EXPERIMENTAL Resuutts.—The standard curves 
of photometric densities were prepared from pure 
p,p’-DDT in concentrations of 0.2, 0.4, 0.6 and 0.8 
mg., using filter No. 58 on the Fisher electrophotom- 
eter. A comparison of the photometric densities in 
table 1 and figure 1 shows very slight differences. 


Table 1.—Photometric densities for P,P’-DDT 
in 580 mu filter on the electrophotometer. 
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P,P’-DDT Schechter Abridged 

AppeEp, Ma. Procedure Procedure 
0.2 19.05 23.7 
0.4 38 .66 44.5 
0.6 60.80 65.1 
0.8 81.66 81.0 





The blue colors developed by the two procedures 
were of approximately the same intensities and were 
in each proportional to the concentrations of the 
p,p’-isomer. 

The investigational work consisted of determining 
p,p’-DDT by the two procedures in three com- 
mercial samples of technical DDT alone and in soil 
mixtures, 1 gm. DDT to 200 gm. soil (Sassafras 

1 Paper of the Journal Series, New Jersey Agricultural Experi- 


ment Station, Rutgers University, The State University of 
New Jersey, Department of Entomology. 
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Fig. 1. Standard curves for P,P’-DDT. 


sandy loam); in three formulations of DDT (con- 
taining 81.5% of p,p’-isomer) as benzene solution, 
emulsion, and 50 per cent W.P.; and in spray 
residues on bean plants. The samples were extracted 
with accurately measured volumes of benzene by 
shaking for about 30 minutes, rapidly filtered¥and 
decolorized (when necessary). Duplicate aliquots 
were used for each analysis. The average results are 
presented in the tables. 

The data from the chemical analyses indicate 
virtually complete recovery of p,p’-DDT by the 
abridged procedure in three different formulations 
of technical DDT (Table 2). Comparable amounts 
of DDT were recovered from spray residues, cal- 
culated in PPM per green weight of sprayed bean 
plants, by each of the two procedures (Table 3). 


Table 2.—Analyses by the short procedure of 
three formulations of DDT containing 81.5% 
P,P’-isomer. 
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Table 3.—P,P’-DDT residues recovered from 
sprayed bean plants. 








P,P’-DDT REcovEerE) 





Selicchter ~“Abridged | 








TREATMENT Procedure Procedure 
2 lbs. DDT, 50% W.P. 
/100 gal. PPM PPM 
Hand Sprayed 428 421 





Some variations in p,p’-DDT analysis were ob- 
tained in the three technical DDT samples, with and 
without soil (Table 4). The differences were not 
significant enough to invalidate the results and 
may be within the limits of experimental error. In 
general, the results suggest that the abridged pro- 
cedure here outlined can replace the much longer 
Schechter procedure in estimating the p,p’-DDT 
content of insecticides, resulting in considerable 
saving of time. 

SumMaAry AND Conciusions.—A shortened pro- 
cedure in the technique of the Schechter colori- 
metric method for analyzing DDT insecticides was 
tested in various formulations and spray residues in 
comparison with the longer, standard procedure. In 
the shortened method the ether extraction of the 
nitrated mixture is eliminated and only the p,p’- 
isomer content is analyzed. 

The results indicate that the abridged procedure 
can be used with approximately the same accuracy 
as the longer technique in estimating p,p’-DDT in 
various insecticide formulations and in spray 
residues. 
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Table 4.—Analysis of P,P’-isomer in three 
samples of technical DDT with and without soil. 








% P,P’-DDT RecoverEep 











TECHNICAL Schechter Abridged 
DDT P,P’-DDT Recoverep Procedure _ Procedure 
DDT ADDED, 
ForMULATIONS Ma. Mg. Per Cent Technical DDT 
Sample A 82.2 85.6 
Benzene solution 1.7 1.39 81.76 Sample B 80.5 76.6 
Benzene solution Act 1.38 81.50 Sample C 81.2 81.0 
50% W.P. 10.0 8.00 80.00 DDT in Soil 

50% W.P. 10.0 8.15 81.15 Sample A 81.5 83.4 
50% W.P. 10.0 8.25 82.25 Sample B 83.5 79.6 
20% emulsion 10.0 8.2 81.20 Sample C 79.6 76.8 
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Field Infestations of Stored Grain 
Insects in Eastern Washington’ 
Yune-Cuane Cnao, H. G. Simxover, H. S. TEL- 


rorD, Washington Agricultural Experiment Stations, 
and Pere Srauucop, Pacific Northwest Grain 


Dealers Association 


Many Pacific Northwest grain growers and ele- 
vator operators believe that insects in storages 


originate in the field. The present study was designed 
to ascertain whether field infestations occur, and if 
so, what species are involved and how extensive 
their infestations are. These factors must be deter- 
mined before a sound insect control program can be 
developed. The study was initiated by Telford et al. 
in 1951 and continued by Chao & Stallcop in 1952. 
The rice weevil, Sitophilus oryzae (L.), and the 
Angoumois grain moth, Sttotroga cerealella (Oliv.), 
have long been known to infest standing grain in the 
southern United States. The red flour beetle, 
Tribolium castaneum (Hbst.), the saw-toothed grain 
beetle, Oryzaephilus surinamensis (L.), the flat grain 
beetle, Laemophloeus minutus (Oliv.) (= L. pusillus 
Schin.), and Trogoderma simpler Jayne were dis- 
covered from the nest of bees and wasps and under 
the bark of trees (Linsley 1944). Linsley considered 
that these habitats may serve as foci of stored grain 
infestations. 7. castaneum, O. surinamensis and L. 
minutus were observed moving into farm-stored 
grain in summer (Schwitzgebel & Walkden, 1944). 


1 Scientific Paper No. 1198. Washington Agricultural Experi- 
ment Stations, Pullman. Project No. 1127. 


Table 1.—Sources of wheat samples and extent of contamination, Pullman, Washington, 1951-1952. 























NUMBER OF 
NUMBER OF CoNTAMINATED 
SAMPLES SAMPLES 
STATE County Town 1951 1952 1951 1952 
Idaho Nez Perce Lewiston 8 1 
Kootenai Worley 1 
Washington Whitman Almota 7 6 
Colfax 3 5 1 
Endicott 10 4 2 2 
Farmington 1 
Garfield 9 1 
Johnson 4 
Lacrosse 18 
Lamont 5 
Oakesdale 2 
Pullman 22 
St. John 10 19 
Tekoa 10 
Uniontown 10 
Lincoln Creston 6 
Davenport 16 26 
Edwall 1 Q 
Harrington 6 
Odessa 11 10 
Sprague 8 
Adams Lind 3 
Ritzville 6 24 
Washtucna 7 
Walla Walla Waitsburg 29 2 
Douglas Waterville 8 
Spokane Cheney 12 
Spokane 3 
Grant Ephrata 1 
Marlin 8 2 
Quincy 21 
Wilson Creek 46 
Garfield Pomeroy 28 19 1 
Klickitat Roosevelt 6 1 
Total 11 34 145 306 3 10 
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Table 2.—Summary of Contaminated Wheat Samples, Pullman, Washington, 1951-1952. 
Saw-ToorHED 
Rep GRAIN BEETLE FLat 
GRANARY  FLour a GRAIN CARPET 
Weevit BEETLE Larva Adult BeeTtLeE BEETLE 

YEAR LOCALITY {' pp Ai p Ai p! A' Dp! A' pD! A! D' Toran 

1951 Colfax 2 1 3 
Endicott 19 1 20 
Endicott l 1 
Endicott l 1 
Endicott 1 1 Q2 
Garfield 1 1 
Lewiston 1 1 

1952 Marlin 1 1 
Marlin l 1 
Pomeroy 1 1 2 
Roosevelt 5 1 oS 9 
Waitsburg 1 1 
Waitsburg 2 2 

Total 13 1 1 ae 25 O 3 1 $ 4 0 4 45 

1 A =alive; D =dead. 
Four hundred fifty-one wheat samples (145 upon standing grain. They might be also contami- 


samples in 1951 and 306 in 1952) were received from 
elevator men for study. E ach sample, weighing ap- 
proximately 2 pounds, was taken from the truck of 
the first-delivered wheat from the field. In 1951 a 
standard cloth wheat. sample bag was used, while in 
1952 the elevator operators were supplied with a 
cellophane-lined paper bag. They were instructed 
to fill the bag with a representative sample, to seal 
the bag with scotch tape or masking tape, and to 
send the samples as soon as possible to the State 


College for study. 


Most samples were shipped in lots of two to 20 
samples packed in cardboard cartons and were re- 
ceived in satisfactory condition. Those received in 
broken bags were discarded. In 1951 each sample re- 
ceived was transferred to a quart mason jar, sealed 
with a small amount of water, incubated at room 
temperatures from 3 to 5 weeks, and then examined 
for insects by pouring the contents onto a piece of 
white paper. In 1952, to prevent contamination, 
these samples were placed in a wooden box in a room 
separate from the laboratory. As soon as they could 
be examined they were brought into the laboratory. 
The samples which could not be examined im- 
mediately were placed in an aluminum can sur- 
rounded by water within an earthenware crock. Each 
sample was emptied into a 10-mesh sieve with bot- 
tom pan and lid and shaken vigorously with an 
electrically-controlled sifting device. The residues 
from the bottom pan were carefully examined for 
insects under a low power wide-field microscope. 

The essential data are presented in tables 1 and 2. 
Thirteen of the 451 samples were contaminated with 
45 insects representing five species. Of these, 33 were 
recovered alive, 12 dead. Twenty-five were larvae of 


the saw-toothed grain beetle. 


The presence of the two granary weevils cannot 
be explained. Since they do not fly, one would not 
normally expect them to be recovered from the field. 
Furthermore, since all other recoveries (except the 
25 larvae of the saw-toothed grain beetle) were 
adults, the evidence points more toward dispersion 
of these adults in the field rather than development 


nants from combines, trucks, and elevators, or mi- 
grants from infested elevators to fields. The re- 
covered larvae could have developed from eggs laid 
by the gravid females after they were enclosed in the 
samples. This belief is further substantiated by the 
recovery of numerous cast skins and different sizes 
of the larvae within the samples. 

To ascertain further whether or not field intesta- 
tions occur, a survey of ripened standing grain was 
made in 1951 by Mr. Lloyd Campbell. There were 
100 fields examined in the principal wheat-growing 
areas of eastern Washington. In each field, 40 sweeps 
were made with a standard 15-inch insect net. No 
stored grain insects were recovered from these 
sweepings. 

SUMMARY AND Conc Lusions.—To ascertain the 
existence of field infestations of stored grain insects 
in eastern Washington, 451 samples from the first 
elevator-delivered wheat were collected and ob- 
served. Thirteen samples were infested with 45 in- 
sects representing five species: Sitophilus granarius 
(L.), Tribolium castaneum (Hbst.), Oryzaephilus 
surinamensis (L.), Trogoderma simplex Jayne and 
Laemophloeus pusillus Schén. Twenty-five of the 
total comprised the larvae of O. surinamensis. 

Probably none of these developed upon standing 
grain but they might be contaminants from com- 
bines, trucks, and elevators, or possibly migrants 
from infested elevators, or from their natural 
reservoirs. 
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Susceptibility of Resistant and Non- 
resistant Strains of the California 
Red Seale to Oil and to Parathion 


A. W. CrEssMAN and B. M. Broappent, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


Strains of the California red scale, Aonidiella 
aurantii Mask., that differed in their resistance to 
hydrocyanic acid were found by Cressman (1941) 
and Lindgren & Dickson (1942) to be equally sus- 
ceptible to petroleum oil sprays. These strains had 
been collected in the field and reared in the labora- 
tory for a number of generations without treatment. 

Additional tests between 1939 and 1951 have con- 
firmed the conclusion as to the lack of any difference 
in susceptibility to oil of the two strains studied by 
the first author. The methods of rearing the scales 
and of applying the sprays were similar to those 
described by Cressman (1943). Each rack of lemons 
that was sprayed contained equal numbers of fruit 
infested with mature scales of each strain. This pro- 
cedure insured that both strains of scale were ex- 
posed to the same oil deposit. Different concentra- 
tions and weights of oils and several emulsifiers 
were used. In nine comparisons, made on five dates, 
mortalities ranged from 27.7 to 83.0 per cent. The 
average mortality was 50.8 per cent in the resistant 
and 50.7 per cent in the nonresistant strain. The 
difference was not significant in any test. 

In 1939 another stock was started from the labora- 
tory resistant strain and subjected to repeated 
fumigations with hydrocyanic acid. The resistance 
of most stages of this stock to hydrocyanic acid was 
considerably increased by continued fumigations, as 
shown by Yust et al. (1951). Some tests of sus- 
ceptibility of this stock and the unfumigated re- 
sistant scales were made with several oils and 
emulsifiers with results shown in table 1. 


Table 1.—Mortalities of fumigated and un- 
fumigated stocks of resistant California red 
scales sprayed with oil. 





Per Cent 


NUMBER 
or GEN- Ou Morva.ity 
ERATIONS CONCEN- —-- 
Date Fumr- TRATION Fumi- Unfumi- 
SPRAYED GATED PerCent gated gated 
Apr. 5, 1944 20 1.25 49.2 36.9 
2.0 63.9 46.5 
Nov. 14, 1944 23 1.25 88.0 76.9 
2.0 92.3 83.0 
Mar. 23, 1951! 56 0.5 59.2 39.8 
1.0 93.8 83.5 
July 2, 1951 56 0.4 76.6 37.7 





1 Data by H. R, Yust. 
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The fumigated stock was consistently more sus- 
ceptible to oils than the unfumigated stock. Yust 
& Shelden (1952) have shown that the pattern of 
resistance of the scales to anoxia is the reverse of 
that to hydrocyanic acid, but this can hardly explain 
the relative susceptibility of the three stocks to oils 
since the unfumigated resistant was no more sus- 
ceptible than the nonresistant. It is possible that the 
long-continued fumigations in the laboratory have 
selected some gene or genes linked with genes for 
resistance to hydrocyanic acid that make for less 
resistance to oils. Yust et al. (1951) have suggested 
that the fumigated stock may be genetically differ- 
ent from the original resistant strains. 

Susceptibility of the three stocks to parathion 
was compared in 1951. Scales were sprayed in the 
laboratory with a suspension of 25 per cent para- 
thion wettable powder on July 2, and placed in a 
lath house until mortality counts were made 52 days 
later. Results are given in table 2. 


Table 2.—Mortality in three stocks of Cali- 
fornia red scales sprayed with parathion. 





Per Cent Mortaity 
GRAM. OF. 


25% Un- 
PARATHION Non- fumigated Fumigated 
PER LITER resistant Resistant Resistant 
0.7 72.8 68.8 78.4 
1.4 92.2 92.1 90.1 





There was no significant difference in the sus- 
ceptibility of the three stocks to parathion. 

Parathion and oil are now the two principal in- 
secticides used to control red scale in California. 
The results show that the scales that had become 
most resistant to hydrocyanic acid were not re- 
sistant to parathion and were slightly easier to kill 
with oil than the strains less resistant to fumigation, 
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The Stability of Lindane and Pyrenone 
Impregnated Dusts and Their Relative 
Toxicity to the Granary Weevil’ 


Yune-Cuane Cuao and D. M. DeLona, 
Ohio State University, Columbus, Ohio 


In recent years, considerable attention has been 
given to the control of stored grain insects with 
lindane and pyrenone. Slade (1945) found that 
gammexane dust is exceedingly toxic to the granary 
weevil. Gay (1947) made an excellent study on the 
toxicity of BHC-impregnated dust to stored grain 
insects. Watts & Berlin (1950) demonstrated the 
high toxicity of a mixture of pyrethrins and piperony] 
butoxide to the rice weevil. However, the relative 
toxicity of the two insecticides and the stability 
of either were not known when they were used in 
the form of impregnated dusts. The lack of such 
desirable knowledge has led to the present study. 

MareriaALts AND Metuops.—The present study 
was carried on in a laboratory where temperature 
and relative humidity were rather constant. Pure 
lindane? and pyrenone O.T. 50-5,3 prepared in the 
form of impregnated dusts, were used in this study. 
The carrier developed to suit the two insecticides 
was a mixture of 80 per cent pyrophyllite and 20 
per cent attaclay SF.‘ The mixture has proper ab- 
sorptive power and yet has no abrasive action. For 
these reasons, this mixture is particularly suitable 
for the study of pyrenone and its related compounds. 
By the use of this carrier, a stock supply of im- 
pregnated dusts containing 1 per cent lindane or 5 
per cent pyrenone was made in a wide-mouth screw- 
lid jar, 7 by 9 cm. The uniformity of these dusts was 
maintained by rolling the mixture on a ball mill in 
a jar containing thirty marbles for two hours. 
Lindane was dissolved in a quantity of acetone be- 
fore it was mixed with the carrier. Three dosages of 
these two impregnated dusts were found adequate 
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for the tests. The highest dosage was obtained by 

iluting one part of the stock material with four 
parts pyrophyllite; the subsequent lower dosages 
were cut back by using one part of the higher con- 
centration with four parts of the diluent. 

High quality wheat carrying 11.5 per cent water 
content was employed in this study. Samples of 
wheat were treated in a 5-pound jar with impreg- 
nated dusts at the rate of 1 part of the impregnated 
dust to 499 parts by weight, of wheat. The wheat 
was thoroughly coated by rolling the jar on the ball 
mill for an hour. 

Tests were conducted in 120 c.c. wide-mouthed 
bottles covered with cloth and held in position by a 
rubber band. Thirty grams of treated wheat were 
introduced in each bottle. Twenty-four such bottles 
were prepared for each dosage. Three bottles of the 
24 were examined at intervals of 1, 2, 3, 5, 7, 10, 12, 
and 14 days. Both untreated checks and checks 
treated with pyrophyllite were included in the tests. 

The test insect used in this study was the granary 
weevil, Sitophilus granarius (L.). The cultures of 
this insect were maintained in a temperature- 
controlled cabinet at 25° C. and 65+5% of relative 
humidity. Populations of the weevil from 1 to 2 
weeks old were used. They were starved overnight 
before being used. Thirty weevils were used in each 
replication. Each lot of 30 weevils was directly 
counted into a glass vial by means of a new type of 
aspirator developed during the study. As soon as 
all the lots of weevils needed for tests were ready 


1 The writer wishes to express his sincere gratitude to Dr. 
W. E. Dove, director of Entomology Division of the Research 
and Development Laboratory, U. S. Industrial Chemicals Inc., 
for his invaluable information on the use of pyrenone and to 
Dr. Samuel S, Ristich for his help in formulating insecticides. 

2 California Spray Chemical Corporation, Richmond, Cali- 
fornia. 

3 U.S. Industrial Chemicals, Inc., Baltimore, Md. 

4 Attapulgus Clay Company, Philadelphia, Pa. 
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Fic. 2.—Relative stability of pyrenone and lindane. 


they were transferred to the bottles filled with 
treated samples of wheat. 

When mortality observations were made the 
weevils were removed from each sample of treated 
wheat by gently shaking the sample over a set of 
sieves which consisted of a 10-mesh sieve, a 20-mesh 
sieve, a cover and a bottom pan. The number of 
dead were very carefully determined under a 
binocular microscope. To be certain the weevils were 
dead they were prodded with a needle. After the 
examination each sample of wheat was returned to 
the bottle. At the end of three months each sample 
was re-examined to determine the infestation arising 
during the exposure of weevils to the treated wheat. 
After the examination, residual tests were conducted 
with those samples of wheat which showed com- 
plete protection. At the end of six months another 
examination was made. 

Resutts.—The results of the study are sum- 
marized in figures 1 and 2 in which the percentage 
mortality probits for the three replications has 
been plotted against time in days. The checks have 
not been included because of very low mortalities. 
Figure 1 shows that lindane at each concentration 
is more toxic than pyrenone when the comparison 
is made at 0.16, 0.8 and 4 PPM lindane and pyre- 
none containing 0.16, 0.8 and 4 PPM pyrethrins. 
This conclusive result is particularly conspicuous at 
the second and third dosage levels. Pyrenone con- 
taining 0.16 PPM pyrethrins does not give any kill 
in 2 weeks but lindane gives a 50 per cent kill at the 
same dosage and in the same exposure period. Like- 
wise, Pyrenone containing 0.8 PPM _ pyrethrins 
gives a 24 per cent kill in 2 weeks but lindane at 0.8 
PPM gives a 100 per cent kill in one week. At the 
end of three months only lindane at 0.8 and 4 PPM 
and pyrenone containing 4 PPM pyrethrins remain 
free of infestation. The samples of wheat treated 


with the remaining dosages of the two insecticides 
became infested with weevils which at the time of 
examination were either dead or living. These 
weevils apparently developed from eggs laid by the 
test weevils during their exposure to treated samples 
of wheat. Figure 2 shows that the toxicity of lindane 
drops rapidly but pyrenone retains most of its 
toxicity. At the end of 6 months the two treatments 
of lindane and one treatment of pyrenone, free 
from infestation at the end of 3 months, still re- 
mained uninfested. This indicates that lindane at 
the concentration of 0.8 PPM and pyrenone con- 
taining 4 PPM pyrethrins and 40 PPM piperony] 
butoxide give satisfactory protection of wheat 
against the granary weevil for at least six months. 

Summary.—Relative toxicity and stability of 
lindane and pyrenone have been investigated by use 
of different concentrations of the two insecticides in 
the form of impregnated dust. Results of the study 
include a series of initial tests and a series of residual 
tests. In addition, an examination of the treated 
samples of wheat was made at an interval of three 
months to determine the infestation of the samples. 
The results show that lindane is more toxic than 
pyrenone, but pyrenone is more persistent than 
lindane. Furthermore, lindane at 0.8 PPM and 
pyrenone which contains 4 PPM pyrethrins and 40 
PPM piperony] butoxide give complete protection 
of wheat against the granary weevil for at least six 
months. 
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The Effect of Soil Insecticide Treat- 
ments on Mite Population and 
Damage'* 


E. C. KLosterRMEYER and W. B. Rasmussen,? 
Irrigation Experiment Station, 
Prosser, Washington 


An experiment to determine the effects of gross 
amounts of insecticides in the soil on plant growth 
was established at the Irrigation Experiment Sta- 
tion, Prosser, Washington in May 1950 as part of 
a cooperative project with the U.S.D.A., Bureau of 
Plant Industry, Soils and Agricultural Engineering.‘ 
Four rates of DDT, 2 of lindane, 2 of BHC, 3 of 
chlordane, 2 of aldrin, and 4 untreated checks were 
used in a randomized block design of four replica- 
tions, with plots 0.33 acre in size. 

The insecticides were applied to the soil with a 
fertilizer spreader and roto-tilled to the depth of 6 
inches. The plots were on a previously uncropped 
Ritzville fine sandy loam soil. Several different 
crops were grown on each treatment in each of 3 
years of cropping. The effects of certain of the treat- 
ments on crop growth and yield were very pro- 
nounced and will be reported elsewhere. 





Fig. 1. 
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In 1951, two spotted mites, Tetranychus bimacu- 
latus Harvey, became abundant on Black Valentine 
beans. Since it was not desirable to make additional 
applications of insecticides to these plots, no at- 
tempt was made to control the mites. Later the 
mites infested a fall planting of hairy vetch and in 
1952 became very abundant on the vetch. Potatoes 
were planted next to the vetch in June. As the 
vetch matured, the mites migrated to the potatoes 
in large numbers. An application of parathion was 
made in a vain attempt to control the mites. 

Potatoes are very sensitive to mite attack. It was 
noted that the plants in some plots were being killed 
by the mites whereas adjacent plots were free of 
damage. An examination of all the plots showed that 
potatoes growing on plots treated with high rates 
of DDT were almost completely killed by mites, 
and those on other treated plots were severely 
damaged (Fig. 1). Potatoes on the checks adjoining 
such plots were comparatively free of injury and 
remained unharmed until harvest 2 months later, 
although all plots were infested with mites. The 
potatoes had made nearly normal growth prior to 
the mite infestation and, in a previous year of 


1 Scientific Paper No. 1196, Washington Agricultural Experi- 
ment Stations, Pullman, Proje ct No. 1104. 

2 Presented at the meeting of the American Association of 
Economic Entomologists in Philadelphia, Pa., Dec. 15-18, 1952. 

§ Assistant Entomologist and Senior E xperime »ntal Aide. 

4 Horticultural phases of this study are under the direction of 
Dr. Victor R. Boswell, Beltsville, Md., project leader. Dr. Wal- 
ter J. Clore, Horticulturist, Irrigation E xperiment Station, is in 
charge of the work at Prosser. The previously unpublished data 
on potato yields are used herein by their permission. A detailed 
report on the horticultural aspects of the work is to be pub 
lished elsewhere. 


Potatoes, growing on soil treated with 119 pounds DDT per acre, killed by mites. Potatoes in un- 
treated check plot (upper right) remained free from damage. The carrots to the right of the potatoes were not 
attacked by the mites. 





























\ectober 1953 


Table 1.—Comparison of potato yields in 1950 with those following mite damage 


oils treated with insecticides, Prosser, Wash. 
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in 1952 on 








YreLp, Pounps Potatoes 
PER 35 Foor Row 


Pounpbs INSECTICIDE PER 





AcrE APPLIED IN 1950 1950 
DDT, Tech. 10 |b. 64 
24 63 
119 63 
DDT, Purified 119 65 
DDT, Tech. 238 59 
Lindane 0.5 57 
15 $8 
BHC 3 48 
15 0 
Chlordane 8 61 
15 57 
75 +7 
Aldrin 3 62 
60 61 
Mean of 4 checks 0 56 


ESTIMATED PLANT 
DAMAGE, 1952 


% Injured 


MITEs PER LEAF 


1952 Aug. 4 Aua. 4, 1952 
56 7 34 
49 20 46 
28 53 64 
25 70 33 
25 71 89 
67 + 17 
37 47 37 
40 t 25 

2 12 + 
62 + $ 
53 4 29 
22 35 49 
64 + 34 
41 0 29 
58 5 28 





cropping, had not been seriously affected by the in- 
secticides, with the exception of the 15 pound per 
acre treatment of benzene hexachloride. 

Before the plants were all dead, a count of the 
mites on 10 leaves from each plot was made. The 
mite populations were determined by passing the 
leaves through a brushing machine that removed 
the mites and deposited them on revolving glass 
plates coated with polyvinyl alcohol solution. The 
number of mites thus collected on 0.1 of the plate 
area was counted for comparison of the populations. 

Because of the poor condition of the plants when 
sampled, the counts did not accurately represent 
the true population at the time of the initial in- 
festation. The populations did not differ significantly, 
but there was evidence of an increased number of 


mites with increased dosages of insecticides. The 
mite damage was clearly reflected in decreased 
yields of potatoes (Table 1). 

Black Valentine beans were beginning to sprout 
at about the time the potatoes were dying. Two 
counts of the mite populations were made on the 
beans—one on September 15, and the other on Sep- 
tember 26. Since some of the insecticides adversely 
affected the growth of the beans and the size of the 
leaves, the population was determined on the basis 
of the number of mites per gram of leaf tissue (air- 
dry weight), computed from 10 tri-foliate leaves 
per plot. The numbers of mites (n) per gram of 
leaves were transformed prior to statistical analyses. 
The transformation applied was of the form log; 
(n+1), Table 2. 


Table 2.—Mite populations on Black Valentine beans growing on soil treated with insecticides, 


Prosser, Wash., 1952. 








Mires PER GRAM 


TREATMENT, PouNDS PER 
AcrE APPLIED IN 1950 


Sept. 15 


oF Brean LEAF 


Sept. 26 


No. Mires 
PER LEAF 
SEPT. 26 


Log (n+1) 
MITES PER Gn. 
ON SEPT. 26 





DDT, Tech. 10 lb. 62 115 2.062 74 
24 78 120 2.081 63 
119 166 178 2.251 49 
DDT, Purified 119 244 162 2.090 57 
DDT, Tech. 238 388 422 2.626 S4+ 
Lindane 0.5 7 54 1.783 21 
15 53 115 2.059 69 
BHC 3 15 127 2.106 104 
15 276 356 2.552 154 
Chlordane 8 40 96 1.980 60 
15 Q7 118 2.072 92 
75 38 125 2.098 65 
Aldrin 3 45 166 2.220 97 
60 101 223 2.348 126 
Mean of 4 checks 0 18 48 1.685 41 
S.E. of difference between 2 treatment means 0.283 
between check and treatment 0.226 
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On September 15 differences in mite populations 
among the treatments were significant (P>0.05) 
and the mean of the checks was significantly 
(P>0.01) less than the mean of all treated plots. On 
September 26, the mean of the untreated checks was 
significantly (P>0.01) less than the mean of all the 
treated plots. On the other hand, differences among 
the 14 treatment means were not significant. A more 
detailed analysis, however, revealed that there was 
a significant linear increase in mite numbers with 
increasing amounts of technical DDT applied to 
the soil. 

Although no attempt was made to study the 
predator populations on these plots, predators gen- 
erally are few in numbers on beans and it is unlikely 
that such pronounced differences in population 
would be due to predators alone. Rodriguez (1951) 
has shown that host nutrition greatly affects the 
population of mites—more mites develop on low 
nitrogen plants than on plants with an adequate 
nitrogen supply. Very little is known of how in- 
secticides in the soil affect plant nutrition, but it is 
possible that insecticides inhibit nutrient uptake 
either by inhibiting root development or by a 
physiological effect on the plant. 

Since all of the insecticides used in this study 
adversely affected the growth of some of the crops 
at high dosages, it is likely that the differences in 
nite population on these treatments are due to the 
effects of the insecticides on plant nutrition and 
composition. Greenhouse experiments to determine 
this are now under way. 

SumMary.—An increased population of Tetrany- 
chus bimaculatus on beans and potatoes was associ- 
ated with increased dosages of DDT, benzene hexa- 
chloride, lindane, aldrin, and chlordane in the soil. 
Potatoes on plots treated with 119 pounds and more 
of DDT per acre were killed by mites whereas pota- 
toes in adjacent untreated plots were not damaged. 
The effects probably are due to changes in plant 
nutrition and composition induced by the insecti- 
cide in the soil. 

LITERATURE CITED 
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Mexican Bean Beetle Control with 
Malathon Compared with Eight 
Other Materials’ 


Cuar.es H. Bretrr and Ross W. BruBaker? 
Raleigh, North Carolina 


The Mexican bean beetle, Epilachna varivestis 
Muls., is one of the most destructive insects attack- 
ing beans along the eastern coast. Erratic control of 
this pest has occurred in some instances where rote- 
none was used, though this insecticide is commonly 
recommended for Mexican bean beetle control. This 
may be due to insect resistance, climate or other 
interrelated factors. In view of the problem pre- 
sented by the erratic behavior of rotenone, the 
Bureau of Entomology and Plant Quarantine and 
the North Carolina Agricultural Experiment Sta- 
tion have cooperated in an attempt to determine the 
reasons for this irregularity in the effectivenesss of 
rotenone and to find toxicants which would be safe 








to handle and would give dependable control. This 
paper reports on new insecticides which show 
considerable promise. Further and more extensive 
tests will be made with them. 

Eleven different treatments were used on plots 
replicated 6 times at Mills River, North Carolina 
during 1952. Dusts were applied to the plots with 
rotary type hand dusters, at the rate of 25 to 30 
pounds per acre. Each plot was four rows wide and 
31 feet long. Records were taken on 10 feet of row 
from one of the two center rows. Materials used, 
with their concentrations, are given in table 1. 


Table 1.—Mexican Bean Beetle Tests. Dusts 
applied May 29, June 5, 11 and 23, to Tender- 
green snap beans planted May 10. Mills River, 
North Carolina—1952. 








NuMBER OF INSECTS SurR- 
VIVING IN 10 FEET oF 
Row 1n 6 REPLICATES 





June 24 July 3 
MATERIALS Larvae Larvae Pupae 

Malathon, 5% 0 1 0 
Parathion, 1.5% + 3 10 
CS-708, 1.5% 1 57 0 
Isodrin, 1.5% 24 83 3 
TM-L l 111 3 
Methoxychlor, 5.0% 63 150 25 
CS-708, 1.0% 33 246 3 
Rotenone, 0.75% _ plus 

18% sulfur 21 256 21 
Rotenone, 1.0% _ plus 

0.08% pyrethrins plus 

18% sulfur 15 311 4 
EPN, 1.5% 173 406 177 
Pyrophyllite 442 2207 517 
LSD—5% 326-124 
LSD—5% (omitting py- 

rophyllite) 152 84 





1 A proprietary material consisting of 0.5% of a compound con- 
taining 50% of (butyl carbityl) (6-allyl-piperonyl) formol and 
30% of related compounds plus 0.025% of pyrethrins, 0.4% of 
rotenone and 25% of sulfur. 


Snap beans at Faison, North Carolina, were 
dusted September 9 and 24, 1952, with 5 per cent 
malathon dust at the rate of 25 pounds per acre. 
Beans were picked October 7 and taken directly 
to the processing laboratory. Under the supervision 
of Dr. Ivan D. Jones of the North Carolina State 
College Horticulture Department, they were 
washed with a spray-type rotary washer for 20 
seconds using high pressure. The ends were removed, 
they were cut into one-inch lengths and weighed into 
No. 2 cans. The cans were filled with boiling water 
and passed through a steam tunnel to raise the 
temperature of their contents to 140° F. plus. They 
were then sealed and processed at 240° F. at 10 


1 Contribution from_the Entomology Department, North 
Carolina Agricultural Experiment Station. Published with the 
approval of the Director as Paper No. 470 of the Journal Series. 

2 Associate Professor of Research in Entomology, North 
Carolina Agricultural Experiment Station, Raleigh, North 
Carolina, and Entomologist, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine, Norfolk, Virginia, respec- 
tively. 
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pounds of steam for 20 minutes, then water cooled. 

Snap beans at Norfolk, Virginia, were dusted 
September 26, with 3 per cent malathon at the rate 
of 35 pounds per acre. These were picked October 
2 and processed by Dr. Jones in the manner de- 
scribed above, 6 days after picking. 

Fresh and processed beans were sent to the In- 
secticide Department of the American Cyanamid 
Company. They contained no residues which could 
be detected by chemical analysis. A panel of 23 
tasters using the triangular test under the direction 
Dr. Jones found no trace of an off-flavor. 

Considering the relatively low mammalian toxicity 
reported for malathon and its effectiveness against 
the Mexican bean beetle this insecticide seems to 
offer promise as a control for this insect. 


Collection of European Elm Bark 
Beetles in Wisconsin 


L. C. Beckwitn, Bureau of Entomology and Plant 
Quarantine, Agr. Res. Adm., U.S.D.A. 


Adult specimens of a small bark beetle were col- 
lected from an American elm tree, Ulmus americana 
L., at Wauwatosa, Wisconsin, on September 17, 
1952. The beetles were identified as the smaller 
European elm bark beetle, Scolytus muliistriatus 
(Marsh.), by the author with later confirmation by 
W. H. Anderson, of the Bureau of Entomology and 
Plant Quarantine. Entrance holes through the bark 
had been completed at the time of the collection, 
but the absence of gallery patterns indicated that 
the adults were in their initial stage of attack. The 
presence of a large amount of slime flux on the main 
trunk and larger branches indicated that the tree was 
in a weakened condition. The laying of a new cement 
sidewalk further weakened the tree, because many 
of the larger surface roots had been cut in the exca- 
vation work. 

The tree was removed below the root collar and 
burned to eliminate it as a possible breeding source 
for the beetle. Prior to burning, branches were cut 
from different positions in the tree crown. The ab- 
sence of brownish streaks in the sapwood, a charac- 
teristic of the Dutch elm disease, indicated that the 
disease was not present. 

This collection record is of primary interest be- 
cause it represents the first official record of this 
species in Wisconsin. It is also of interest because of 
the fact that the Dutch elm disease usually appears a 
few years after the establishment of its insect vec- 
tor. 


A Quantitative Sampler for Aquatic 
Insects 


Wo. R. Keen, Department of Entomology 
and Parasitology, University of California, 
erkeley 
Quantitative sampling of non sessil or free-swim- 
ming organisms will probably always present prob- 
lems for the investigator. The method usually em- 
ployed in sampling aquatic insects has been that of 
using a standard diameter dip net and taking a 
given number of samples over a certain prescribed 
area. An investigation of the insects inhabiting sew- 
age oxidation ponds! required that long term sam- 
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pling be conducted, but because only weekly collect- 
ing trips were deemed feasible, the dip net method 
was not considered to be temporally valid. Such 
weekly spot samples would not necessarily reflect 
the population characteristics of the intervening pe- 
riod, such as a sudden invasion of migrating forms. 
Moreover, certain forms which might be more active 
at night would not be sampled at all. As a solution 
to this problem an age-old trap design was brought 
into use and found to be highly successful. 

This method of quantitative sampling employs 
the use of a screened box with baffles of inverted 
screen funnels at each end. The trap used by the 
author is 8 inches square, 18 inches long, and covered 
with eighth-inch plastic screening. One end is hinged 
so that the box may be opened for the removal of 
the contents. 

The trap has merely to be submerged at the col- 
lecting site and makes the sampling a relatively sim- 
ple matter, for the trap has only to be emptied at the 
end of each collecting period, cleaned, and re-sub- 
merged. No bait of any kind need be used in the trap; 
the insects apparently swim into the open ends and 
fail to find their way out again. Two factors, how- 
ever, have been found important to insure good re- 
sults: the pores of the screen must be kept clean of 
algae, mud, ete., and the box must be kept com- 
pletely under water. If it were not for this latter fac- 
tor, many of the forms would be able to find their 
way out again; they are, however, quickly drowned. 
It also prevents any predaceous forms from attack- 
ing and destroying the others. Since the insects are 
killed, too long an interval between collections is not 
desirable, for obvious reasons. When collecting it is 
best first to wash out the contents of the trap by 
flushing it with water, and then transfer the contents 
to jars of alcohol. Storing under refrigeration until 
time is had for counting is also recommended. 

Considering the size of the trap used, the number 
of insects that can be captured in it is truly amazing. 
The following is a list of forms collected in a single 
trap during a 1-week period in the oxidation ponds at 
Concord, California, July 8 to 15, 1952. This repre- 
sents the maximum results obtained during any such 
period. 


HEMIPTERA 


Corixidae 
Hesperocoriza laevigata..... ar cae 
Corisella decolor....... . 82 
Corisella inscripta. .. . . . .2836 
Coenocoriza blaisdelli. . . ree ee) 
Sigara mckinstryi... . ee) 
Notonectidae 
Notonecta unifasciata............ i. “a 
Notonecta shooteri. . ncet e 
CoLEOPTERA 
Hydrophilidae 
Tropisternus obscurus.... 415 
Tropisternus lateralis . 271 
Berosus striatus. . 4 
Dystiscidae 
Dytiscus marginicollis..... ; eas 
Colymbetes strigatus.. . . 2 
Rantus anisonychus...... ee 58 
Thermonectes basilaris . . oe 2 
Laccophilus decipiens. 984 
Laccophilus anisternalis.. . ca 38 
Hygrotus lutescens........... 128 


1 Supported in part by a grant-in-aid from the National In- 
stitute of Health of the U.S. Public Health Service (No. 3372). 
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It can be seen how a continuous record of this kind 
could be used to demonstrate quantitative and quali- 
tative shifts in population density during any time 
interval. 

The numbers captured could undoubtedly also be 
correlated with total populations inhabiting a pond 
by taking parallel spot checks at various points in 
the pond to determine the density per unit area. 


Amphicyrta chrysomelina as a Pest 
of Lilies 
Cuarves F. Doucertr, U.S.D.A., Agr. Res. 


Adm., Bureau of Entomology and Plant 
Quarantine 


In April 1942 some insects taken from soil where 
Croft lilies were growing at Harbor, Oregon, were 
sent to the Sumner, Washington, laboratory of the 
Bureau of Entomology and Plant Quarantine with 
a query as to their identity. These larvae were 
identified by W. H. Anderson! as Amphicyrta sp., 
in the family Byrrhidae (Coleoptera). In the spring 
of 1943 larvae received from another grower in the 
same locality were identified as the same species. 
This grower stated that he found it necessary to 
replant young cabbage plants twice in his garden. 
He also experienced damage by this pest to New 
Zealand spinach, onions, carrots, and beets, princi- 
pally while these vegetables were in the seedling 
stage. 

Subsequent reports established the fact that this 
pest occurs more frequently on lilies than on other 
hosts, particularly on the smaller lily plants. The 
larvae occur singly in short vertical burrows about 
2 inches deep, leading to bulbous chambers at the 
bottom. They apparently remain underground dur- 
ing the day, coming to the soil surface at night. The 
larvae bite off pieces of leaves from plants nearby 
and pull them into their burrows. The burrows, open 
at the soil surface, are 0.125 to 0.1875 inch in diame- 
ter, and give this insect its local name of “‘hole-in- 
the-ground.” 

The insect appears to have no particular preference 
of plant material for food. Removal of weeds in the 
lily plantings leaves little choice to the larvae; so 
they feed on the lily foliage. Similarly, in home gar- 
dens the young vegetable seedlings are usually the 
only food available. The common occurrence of this 
weevil in lily plantings indicates a possible prefer- 
ence on the part of the adults to oviposit in those 
situations. One greenhouse operator in Curry County, 
Oregon, however, reported damage to various 
crops of seedlings growing in flats. 

Larvae collected at Harbor, Oregon, during the 
spring of 1947 were reared in the laboratory at Sum- 
ner, Washington. Adults emerged in mid-May. 
They were identified by H.S. Barber! as Amphicyrta 
chrysomelina Er. Since that year a very few adults 
have been collected in southern Oregon. 

In the spring of 1947 a report of injury to lilies 
was received from Dexter, Oregon, in the upper 
Willamette Valley in Lane County. In the soil of 
this small planting of Easter lilies there were numer- 
ous burrows, averaging about three to a square 
yard, made by the larvae of Amphicyrta chrysome- 
lina. The grower applied undiluted powdered lead 
arsenate to the soil surface of the infested planting, 


1 Division of Insect Detection and Identification, U.S. Bureau 
of Entomology and Plant Quarantine. 
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but this material did not control the larvae. A 10- 
per cent DDT dust, however, immediately stopped 
the feeding of the larvae, and six days later most 
of them were dead and the very few that still ap- 
peared to be alive were moribund. 

Since 1948 and 1949 much less damage has been 
caused by this insect in the lily bulb-producing areas 
in southern Oregon. It is possible that this decrease 
is associated with a change from lead arsenate to 
the newer insecticides for use against various in- 
sects affecting lilies. Both DDT and BHC are in 
general use on lilies, the latter material being con- 
sidered effective against aphids as well as the lily 
weevil. 


Some Biological Variations Between 
Strains of Resistant and Susceptible 
House Flies 


Frank H. Basers, Joun J. Prart, Jr.,! and 
Micuevte WiuuiaMs, U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and 
Plant Quarantine 


The data of March & Metcalf (1950) and March 
& Lewallen (1950) indicated no significant differ- 
ence in the length of life cycle or the average weight 
of individuals when a resistant strain of house flies, 
Musca domestica L., was compared with a suscep- 
tible strain. However, Pimentel et al. (1951) com- 
pared four resistant strains with a susceptible strain 
and found that the larval periods of the resistant 
strains were significantly longer than those of the 
susceptible strain. The authors concluded that 
“The lengthened larval period seems to be one of the 
measured effects caused by the resistance to DDT 
since it was closely associated with the level of 
resistance to DDT in the strains studied.” No dif- 
ference was found in the number of eggs laid, length 
of egg stage, percentage hatching, length of pupal 
stage, pupal weight, sex ratio, preoviposition period, 
or length of adult stage. Bruce (1949) also found the 
total development time from egg to adult was longer 
for resistant than normal flies. 

Studies on the physiology of resistance have been 
in progress in the Beltsville, Md., laboratory, of 
the Bureau of Entomology and Plant Quarantine, 
for some time, and certain information on the life 
cycle of several susceptible and resistant strains 
has been obtained. In view of the differences in re- 
sults obtained by other workers, it seems desirable 
to present our data. 

Metuops AND Resuutts.—The house flies were 
reared in standard CSMA medium (Anon. 1951), 
and the adults fed a 1:1 mixture of powdered whole 
milk and sucrose with water given separately. The 
temperature of the rearing room was 26+2° C, and 
the relative humidity 56+5 per cent. The sources 
of the several strains have been described by Pratt 
& Babers (1953). The S strains were susceptible and 
the R strains resistant. 

Eggs were collected from the desired strain over 
a period of 3 hours; 500 eggs were picked at random 
and placed on a piece of moistened cheesecloth, 
which was in contact with the surface of the rearing 
medium. After 24 hours the unhatched eggs on the 
cheesecloth were counted, the young larvae in the 
meantime having gone into the medium. 

1 Present address: Chemicals and Plastics Branch, Research 


and Development Division, Office of the Quartermaster General, 
U.S. Army. 
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Table 1.—Comparison of the viability of eggs, length of larval life, and number of adults obtained 





from 500 eggs of resistant and susceptible strains of house flies. 








EGGs 
HAatcHeD 


(PER 

STRAIN CENT) 3 4 5 
Susceptible: 

S-OR 93.8 1 92 50 

S-B 95.1 8 162 10 

S-M. 93.0 3 210 32 

S-51 92.3 1 179 70 

S-F 93.8 0 159 54 

S-RV 94.5 3 189 16 
Resistant: 

R-ED 94.5 10 84 82 

R-OBgs 76.4 0 $2 79 


NuMBER OF LARVAE THAT PupateD AFTER— 


Days 
ee anes . = _ _ ADULTS 
6 7 8 9 Total EMERGED 
125 17 1 0 286 272 
40 69 32 14 335 309 
113 82 0 0 390 367 
113 g 1 0 366 356 
132 3 1 0 349 329 
94 20 1 0 323 317 
113 + 1 0 294 271 
45 38 18 8 230 Q17 





At 24-hour intervals the insects were observed 
for pupation and emergence. The average results 
of two replications are shown in table 1. 

In an attempt to relate size and resistance, pupae 
from R-OB,, and S-F strains were selected at ran- 
dom from rearing jars in which the same number of 
eggs had been placed. The larval density then 
had been approximately the same. The average 
weight of 100 S-F pupae weighed individually was 
23.74+2.62 mg., and that of the R-OBss; pupae 
22.96 +4.28 mg. These weighings were not carried 
further, since it is well known that the size of the 
laboratory-reared house flies can be readily varied 
by changing the population density in the rearing 
jars, smaller flies resulting from crowded conditions. 

In another experiment a large number of eggs 
were obtained from a resistant colony and mixed. 
From the mixture the usual 0.6 ml. of eggs was 
placed in one jar of medium and 1.8 ml. of eggs in 
another jar. The adult flies from these jars were 
then compared for susceptibility to DDT. A dose of 
DDT that killed 100 per cent of the susceptible 
flies killed 6 per cent of the normally reared resistant 
flies and 17.5 per cent of those from the crowded 
jar, which were considerably smaller flies. Thus, 
although there was a difference in susceptibility 
between the large and smaller resistant flies, the 
smaller flies were still much more resistant than the 
normal laboratory colony of susceptible insects. 

Concuiusions.—It is obvious from the data in 
table 1 that there was a large variation in the length 
of the larval period of the several strains, and that 
this variation was not peculiar to either the suscep- 
tible or the resistant strains. The percentage hatch 
of R-OBg,, the most resistant of the two R strains. 
was definitely lower than that of the other strains. 
However, R-ED is also a strongly resistant strain, 
and there was no difference in the viability of R-ED 
eggs when compared with those of the susceptible 
strains. One must conclude then that lowered via- 
bility of eggs is not associated with resistance alone. 

SuMMARY.—With six susceptible and two resist- 
ant strains of house flies, Musca domestica L., com- 
parisons were made of egg viability, length of larval 
life, and number of adult flies obtained from 500 
eggs. No differences between strains attributable 
to resistance were noted. Flies grown under crowded 
conditions developed into smaller and somewhat 
weaker insects than those reared normally. However, 
the smaller insects from a resistant colony grown 


under crowded conditions were far more resistant 
than insects from a susceptible strain that were 
reared under standard conditions. 
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Frankliniella tritici, a Non-Vector of 
the Spotted Wilt Virus’ 


K. Sakimura,? Pineapple Research 
Institute, Honolulu, Hawaii 


Transmission tests to find additional vector spe- 
cies of the spotted wilt virus, Lethum australiense 
H., were conducted in 1948 at the Rockefeller Insti- 
tute for Medical Research, Princeton, N. J. In addi- 
tion to Frankliniella fusca (Hinds) which was dis- 
covered to be capable of transmitting the virus 
(Sakimura, 1954), several other species of thrips were 
tested, and results are briefly presented in this note. 


1 Published with the approval of the Director of the Pineapple 
Research Institute of Hawaii as Technical Paper No. 216. 

2 Thanks are due to Drs. L. O. Kunkel, F. O. Holmes, and 
S. E. Jones for facilities kindly provided by the Rockefeller 
Institute for Medical Research, and the Texas Agricultural Ex- 
periment Station. 
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Special attention was directed to Frankliniella 
tritici (Fitch) which is the most common and abun- 
dant thrips in Eastern North America. Since it was 
difficult to colonize this species on non-blooming 
plants under confinement, field insects collected 
from flowers of various host plants were directly 
used in the tests. Larvae of both F. tritici and Thrips 
tabaci Lind., which is a known vector species, were 
allowed to feed on leaves of the same source plants 
of either China aster (Callistephus chinensis Nees), 
emilia (Emilia sonchifolia DC.), broad bean (Vicia 
faba L.), chickweed (Stellaria media L.), verbena 
(Verbena hybrida Voss) or zinnia (Zinnia elegans 
Jacq.). The first two plants were poor hosts for F. 
tritici. Adults of both species that had emerged from 
the larvae originally introduced on the source plants 
were transferred likewise, two insects of the same 
species per plant, to test plants. Tests were repeated 
15 times with different source plants and different 
lots of insects (Table 1). F. tritici, 294 insects in total 


Table 1.—Transmission tests with Frankliniella 
tritici and Thrips tabaci fed on the same source 
plants. Two insects per test plant. 








F. tritici T. tabaci 





Source  Infec- Test Infect- Test 
Series PLAntTs tion Plants” tion 


1/8> 
2/15 
4/10 
2/6 





i 


Bae AaNP.e | 





A A® 0 jg 
F ; 0/5 
AB, AC, AD yi 0 
BY Z 0 
BZ Z 0/ 
CL, CM 

CH, CN 

CW 


CX 
DD 


Se | 


ove ee 
NANNNN 





® A =aster; B =broadbean; C =chickweed; E =emilia; N =nas- 
turtium (Tropaeolum majus L.); V =verbena; and Z=zinnia. 
Denominator indicates the number of plants tested; numera- 
tor, the number of plants infected. 


were transferred on 147 test plants of which none 
became infected, whereas 70 of 204 test plants be- 
came infected when infested with 408 7. tabaci. On 
the grounds of persistency among the replicate tests 
and the total number of insects tested, it is safely 
concluded that F. tritici is not a vector of the spotted 
wilt virus. 

The earlier experiments (Sakimura, 1940) made 
at Honolulu with Thrips nigropilosus Uzel and 
Hercinothrips femoralis (Reuter) were confirmed by 
new tests conducted at Princeton. Sixty-seven 7’. 
nigropilosus from the two different source plants, 
and 140 H. femoralis from the three different source 
plants were transferred in lots of two insects each 
to test plants, none of which became infected. T 
tabaci or F. fusca from the same source plants readily 
transmitted the virus to test plants. 

Although tests with Frankliniella tenuicornis 
(Uzel) were repeated 6 times, indications so far seen 
were inconclusive and remain to be confirmed. 

Similar work was also conducted in fall months of 
1948 at the Substation No. 19, Texas Agricultural 
Experiment Station, Winter Haven, Texas, but little 
progress was made. Frankliniella occidentalis (Perg.), 
F. occidentalis f. dubia Pr., and F. gossypiana Hood 
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were able to colonize readily on the standard source 
plant of emilia. Frankliniella insularis Frank. was 
not available in the vicinity at the time these stud- 
ies were carried out. 
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Fumigation Tests with Methyl Bromide 
for the Control of Cherry Fruit Fly 
Eggs, Larvae and Puparia' 


S. C. Jones and Joe Scuun,? Oregon Agri- 
cultural Experiment Station, Corvallis 


Considerable interest has been shown in recent 
months by regulatory officials of several western 
states in the fumigation of cherries designed to be 
shipped to cherry fruit fly free states. In view of this 
interest, it was thought desirable to present un- 
published data on the kill of cherry fruit fly eggs, 
larvae and puparia by methyl bromide fumigation. 
These fumigation tests were conducted during the 
summers of 1941 and 1942. 

Cherry fruit fly eggs for the experiment were ob- 
tained by placing Montmorency cherries in lamp 
chimney cages into which were introduced gravid 
adult females. Two hundred forty-five eggs were 
laid in these cherries. One hundred six eggs were 
treated for 2 hours with two pounds of methy| 
bromide at a temperature of 80° F. One hundred 
three eggs were fumigated with three pounds of 
methyl bromide for 2 hours at temperatures ranging 
between 74° F. and 77° F. One egg hatched in each 
experiment. One of the larvae hatching from an egg 
exposed 2 hours at a concentration of two pounds of 
methyl bromide, died soon after hatching. Another 
larva hatching from an egg fumigated with three 
pounds of methyl bromide for 2 hours, survived the 
fumigation. Twelve of a total of 34 eggs in the check 
plot hatched. Due to the lateness of the season, some 
of the cherries were over-ripe and decayed prema- 
turely causing some egg mortality. 

LarvaL Fumigation Trests.—These tests were 
undertaken in July, 1941. Infested cherries were 
divided into lots of 100 cherries as follows: Lot 1, 
cherries with emergence holes; Lot 2, cherries with- 
out emergence holes; Lot 3, cherries with and with- 
out emergence holes; Lot 4, larvae fumigated sepa- 
rately without cherries. Cherries and larvae fumi- 
gated separately were placed in one quart, open end, 
food containers. The ends of the containers were 
closed with cheesecloth to prevent the larvae from 
escaping. Fumigation was conducted in well in- 
sulated chambers with a capacity of 250 cubic feet. 
All concentrations used in the tests were based 
on 1,000 cubic feet. 


1 Approved for publication as Technical Paper No. 789 by the 
Director of the Oregon Agricultural Experiment Station. Con 
tribution of the Department of Entomology. 

2 Resigned January 15, 1945. Now consulting Entomologist, 
Klamath Falls, Oregon. 
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Table 1.—Methyl bromide fumigation of cherry fruit fly larvae in cherries with emergence holes 
and without emergence holes. 








Live 
‘TEMPER A- Mature LarvArE Imma- 
CONCENTRATION TURE, TURE 
ND ExposurRE FAHRENHEIT CoNDITION OF CHERRIES Live Dead LARVAE 
2 pounds, 2 hours 70°-73° Emergence holes 0 42 
2 pounds, 3 hours 72° Emergence holes 0 40 
3 pounds, 2 hours 66°-68° Emergence holes 0 42 
3 pounds, 3 hours 67°-69° Emergence holes 0 37 
Untreated Check 68° Emergence holes 4 
2 pounds, 2 hours 70°-73° No emergence holes 38 
2 pounds, 3 hours 712° No emergence holes 32 
2 pounds, 2 hours 70°-73° With & without emergence holes 25 
2 pounds, 2 hours 70°-73° With & without emergence holes 18 
2 pounds, 3 hours 72° With & without emergence holes 27 
2 pounds, 3 hours 12° With & without emergence holes 19 
3 pounds, 2 hours 66°—-68° With & without emergence holes 27 
3 pounds, 3 hours 67°-69° With & without emergence holes 21 
3 pounds, 3 hours 67°-69° With & without emergence holes 32 
3 pounds, 3 hours 67°-69° With & without emergence holes 23 
Untreated Check 68° With & without emergence holes 0 








ow 
> 


meoooocococeceoc 





Table 2.—Methyl bromide fumigation of Mature cherry fruit fly larvae were fumigated 
cherry fruit fly puparia. with methyl bromide at concentrations of two 
— pounds exposed to fumigation for 2 and 3 hours and 

— three pounds exposed for 3 hours. Three larvae out of 

EMERGING _ Fires a total of 20 larvae survived the concentration of 

en = » FROM EMERGING two pounds for 2 and $ hours. No larvae survived 
CONCEN- Tora. PupPARIA FROM ° ¢ 1" 

uses Bac: tae Ges ee Purana the concentration of three pounds for 3 hours. The 

AND Pu- Emerc- or Less Over ONE temperature in the fumigation chamber ranged 
EXPOSURE PARIA ING Oup Week Oup between 67° F. and 73° F. 
pps : ie Fumigation oF Puparta.—Puparia fumigation 
6 hours f 67 &49 with methyl bromide was conducted in September 
2 pounds 1941. Fifty puparia were used for each test. Con- 
12 hours : 1? centrations and exposures of the methyl bromide 
2 pounds were: T'wo pounds for 1, 2, 3 and 4 hours. A total 
24 hours 0 . . . 
Scena of 84 flies emerged from the fumigated puparia. 
Check j ‘ 139 & 249 No concentration gave complete kill. 
Senile Further tests were completed in 1942 at longer 
6 hours L 1a &79 exposures. Purparia one week old or less were sepa- 
3 pounds rated from those over one week old. Each age group 
12 hours . 1d was given the same treatment. One group of 25 
3 pounds puparia and another group of ten puparia one week 
24 hours 0 é 

old, or less, were treated separately at the same 

dosages and exposures. The difference in the num- 
2 pounds ber of puparia was due to the scarcity of puparia 
12 hours one week or less old. 
2 pounds Results of the methyl bromide fumigation tests 
24 hours indicate that complete kills of cherry fruit fly eggs, 
; “et gla larvae and puparia cannot be expected at low dos- 

si ages and exposures of 3 hours or less. Complete kill 
was obtained of puparia fumigated with methyl 
‘Sune bromide two and three pounds per 1,000 cubic feet 
12 hours for 24 hours. Two flies emerged from puparia 
3 pounds exposed for 12 hours with concentrations of two and 
24 hours three pounds of methyl bromide per 1,000 cubic 
feet. 








2 pounds 
6 hours 


3 pounds 
6 hours 

















On February 23, 1953, following several years 
of failing health, death finally came to Albert 
Franklin Burgess, one of the foremost American 
Entomologists of his generation. A descendant of an 
old New England family, he exemplified in his pro- 
fessional, social, fraternal and personal life many of 
the sterling qualities that are characteristic of the 
finest type of New England traditions. 

Born in Rockland, Massachusetts, October 2, 
1873, he received his preparatory education in the 
local schools and entered the Massachusetts Agri- 
cultural College, graduating in the class of 1895. 
He received his Master’s degree from the same Insti- 
tution in 1897. Although young Burgess had to 
spend much of his time working to pay necessary 
expenses, nevertheless he managed to engage in 
many student activities. Ile was a member of the 
college band and of the musical club; was active in 
several college sports; was president of his class; 
and at Commencement was one of the class day 
orators. After graduation he served as assistant 
entomologist in the Massachusetts State Board of 
Agriculture where his work on the Gypsy Moth 
problem began. In the years between 1899 and 1907 
he served as assistant inentomology at the Univer- 
sity of Illinois; assistant inspector and later chief 
inspector of nurseries and orchards of the Ohio 
Department of Agriculture. On June 20, 1904, he 
was married to Miss Mary E. Dwight. Two sons 
were born to them, Kmory D. and Albert is Jr. 
Mrs. Burgess died on April 21, 1944. He later re- 
married, and his second wife, his two sons and five 
grandchildren survive him. In 1907 he returned to 
Massachusetts in the U. S. Bureau of Entomology 
to take charge of the breeding experiments on the 
Gypsy Moth Project. From that time to the date of 
his retirement in October 1943, Mr. Burgess’ life 
work was devoted to studies of the Gypsy Moth and 
particularly to the organization of State and Federal 
programs for its control. 

He was also deeply interested and actively par- 
ticipated in the establishment and efficient handling 
of quarantines as a supporting means of combatting 
the pest and preventing its spread in this country 
or further invasion of new areas from abroad. 

For many years he furnished the inspiration for 
and the driving force in most of the research con- 
ducted on all phases of the Gypsy Moth problem. 
He was the author of many scientific papers and 
stimulated the publication of many more by his 
subordinates. All of the publications for which he 
was directly or indirectly responsible were of the 
highest quality and could well be taken as models 
in accuracy of detail, thoroughness in coverage of 
subject matter and in excellence of presentation. 
Together these papers on all phases of the Gypsy 
Moth and its control constitute what is probably the 
most comprehensive, concise, and complete coverage 
ever brought together on any single species of in- 
sect pest in the history of Economic Entomology. 

Mr. Burgess maintained in the conduct of his 
work a nicely balanced, sound conservatism and 
constructive vision, coupled with originality in 
performance. The formation and successful opera- 
tions of the barrier zone in western New England 
and eastern New York were largely due to his initia- 
tive and ideas. This successful defense against en- 
croachments of the Gypsy Moth was an outstanding 
landmark in the history of Applied Entomology in 
this country. 
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When one realizes the difficult terrain in whic! 
much of this work had to be conducted and that thi 
successful defense was accomplished previous to th 
advent of the “miracle weapon,” DDT and befor 
the development of present facilities for widespread 
application by air equipment, the magnitude of his 
achievement can be appreciated. It is easy to un 

derstand why the high quality of his own work, his 
inspired leadership and his basic honesty and integ 

rity of character won for him National and Inter- 
national recognition as an authority in his special 
field and placed him in an exalted position at th 

very top level of the economic entomologists of his 
day. 

Mr. Burgess was an active member of many scien 
tific societies, both in America and Europe, in 
several of which he at one time or another held 
positions of responsibility. He was elected a Fellow 
of the American Association for the Advancement 
of Science and was voted to Alumni Membership in 
the University of Massachusetts chapter of Sigma 
Xi. 

In the minds of many entomologists his long ree- 
ord of service in the activities of the American 
Association of Economic Entomologists earned for 
him as high a place in the scientific world at home 
and abroad as did his strictly professional contribu- 
tions. As Secretary-Treasurer, Vice-President and 
President of the Association, Associate Editor and 
Business Manager of the JourNAL oF Economic 
Entomo.oacy, Mr. Burgess for many years was one 
of the chief guiding forces in shaping the policies of 
that Organization and JourNAL. He manifested in 
all Association affairs the same qualities of leadet- 
ship which characterized all his public life. Through 
his wise guidance and constant insistence on main- 
taining the highest standards, he fashioned for the 
Association and its publications a distinguished 
position in the forefront among all scientific socie- 
ties. By his clear vision and tireless efforts he placed 
both upon a sound and healthy financial basis and 
always fought to keep them so. He maintained his 
deep interest in the Association and labored for its 
welfare throughout his active life and in later years 
his wise council and sound advice were constantly 
sought, up to the time when failing health forbade 
his further participation. 

It has been stated that Mr. Burgess was a stern 
but fair disciplinarian, but the fact is also true that 
he imposed upon himself the same rigid rules of 
conscientious adherence to duty which he expected 
of his associates and subordinates. One of that 
number has said: 

“His work and his long association with ento- 
mological groups, together with the large number of 
men he trained in research and applied entomology, 
made him one of the most respected and widely 
known entomologists of the present day.”’ 

Through these men trained under his exacting 
but sympathetic direction and who were in position 
to be inspired by the observation of his example, 
Mr. Burgess’ influence should be felt for many years 
to come. 

Albert Burgess also had many very human traits 
and peculiar qualities which made his friendship 
something to be enjoyed and always to be treasured. 
For example, he had a unique and refreshing sense of 
humor which he usually kept under strict control 
but which on appropriate occasions he could skill- 
fully employ for his own enjoyment and the delight 
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of his friends. One of his most conspicuous char- 
acteristics was his loyalty to his friends and his syin- 
pathetic understanding of their shortcomings. Al- 
though he was contemptuous and intolerant of in- 
sincerity and sham, he was magnanimous enough 
to “forgive the sinner without condoning the trans- 
gression.” 

An accomplished scholar, a true gentleman, a well 
nigh perfect example of the highest type of public 
servant, Albert F. Burgess was well qualified to 
inspire the confidence of his superiors, the respect 
and loyalty of his followers, and the esteem of all 
with whom he was associated. 

Quiet and unassuming in deportment; conscien- 
tious to a marked degree in the performance of 
even the smallest duty; strictly honorable in all 
things; warm in his sympathies and cordial in his 
friendships, Albert Franklin Burgess presented a 
rare combination of qualities, no less grand because 
of their simplicity, equally to be imitated for their 
virtue, and esteemed for their humanity. 

A. I. BourNnE 





James Augustus Hyslop 
1884-1953 


To most economic entomologists James Hyslop 
will always be known as the man who started the 
Insect Pest Survey of the Bureau of Entomology and 
Plant Quarantine. Through his efforts, the organ- 
ization, by 1944 had collected over half a million 
reports on 50,000 insects throughout the world. 
Monthly bulletins on insect conditions in the United 
States were published for 22 years. From a tiny 
section, the survey had grown to be in 1934 the 
Division of Insect Pest Survey and Information of 
which Mr. Hyslop was in charge. This cooperative 
effort came to be the largest of its kind in the world. 
In 1944 he drew up plans for an enlarged survey on 
a regional basis and these were used in planning the 
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present economic Insect Detection and Reporting 
Service in the Bureau. 

Back in 1917, when insect surveys consisted main 
ly of geographical notes, Jim Hyslop dared to pro 
mote the idea of a system much broader than this 
He knew there was a need for an insect reporting 
service and a repository for insect data so that th: 
degree of insect abundance could be predicted. Th: 
idea seemed as a dream to many, but not to Jim 
Hyslop who was one of the most enthusiastic men 
ever to enter the field of entomology. He possessed 
the power to inspire others to help promote his 
project and he left nothing unturned that would 
influence the building of a modern survey. 

As entomologist in Extension work of the Bureau 
from 1918-19, he handled the work undertaken b) 
the Bureau in conjunction with the States Relation 
Service and in this capacity influenced many en- 
tomologists to cooperate in his project. His system- 
atic plugging brought results. During the 1920 
Chicago meeting of the American Association of 
Economic Entomologists, L. Haseman, W. P. Flint, 
E. G. Kelley, T. H. Parks and others met in a hote! 
room one night and it was there that the survey 
was born. They recommended that the Insect Pest 
Survey be established in the Bureau. The Associa- 
tion adopted the recommendation made by the Com- 
mittee on Policy and in March 1921 James Hyslop 
saw the survey become a reality. 

For several years he worked single-handed pub- 
lishing the Insect Pest Survey Bulletin and assem- 
bling the data sent in by collaborators. A few of the 
earliest and most enthusiastic of these men were J. J. 
Davis, H. T. Fernald, E. N. Cory, S. B. Fracker, 
C. R. Crosby and M. D. Leonard, D. C. Mote, 
W. E. Britton, L. Haseman, R. H. Pettit, and A. G. 
Ruggles. In 1926 Gertrude Myers joined the organ- 
ization and helped him build up the survey. About 
10 years later he had sufficient funds to employ 
several other entomologists. By informal cooperative 
arrangements, Mr. Hyslop received monthly sum- 
mary notes from Canada, Mexico, Hawaii, Puerto 
Rico, and Brazil. He was influential in stimulating 
many states and a few countries to start surveys of 
their own. 

“As a child,” James Hyslop records in a short 
autobiography, “I always had a deep curiosity in 
the workings of the world about me. I very distinctly 
recall the rapture of finding behind a little building, 
a couple of toads and a box turtle. These were the 
first wild animals I had seen outside the caged beasts 
in Central Park, N. Y.’’ Most of his childhood was 
spent in Rutherford, N. J., but he was born in 
Chicago, IIl., July 7, 1884. At an early age he had a 
sizeable insect collection. 

He graduated from Massachusetts Agricultural 
College, now the University of Massachusetts, 
where he received his B.S. degree in 1908. At the time 
of his 40th reunion in 1948 he was presented by the 
Dean of the College with an academic medal (an 
award not instituted until recent years) with the 
following citation: “Alma Mater welcomes you 
back after forty years of professional success. She 
recalls that as an undergraduate you were one of 
those to participate in and promote those organiza- 
tions we now call Academics. You were a clarinet 
player in the orchestra and a second bass in the 
Choir and Glee Club. And on the shelves of our 
library we still have evidence of your artistry, 
strikingly effective, in the 1908 Index. In Recogni- 
tion of such interest and service we now belatedly 
pay acknowledgement in the form of a token medal.” 









October 1953 


In 1911 he received his M.S. degree from the 
State College of Washington and while on the West 
Coast he became interested in wireworms. From 
1911 to 1917, when he was in charge of the Hagers- 
town, Md., laboratory of the Bureau, he reared and 
classified a number of wireworms. One of his most 
important papers in this field is “The Phylogeny 
of the Elateridae Based on Larval Characters.” 
According to Dr. Robert Glen of Canada, Mr. 
Hyslop “improved upon the pioneer work of 
Schiodte and Henriksen and established a reliable 
basis for progress in this field of research.” 

Perhaps the Survey gave Jim Hyslop an idea of 
another way in which he could help entomological 
workers, farmers, sanitarians, and anyone interested 
in insects. About 30 years ago he started his “En- 
cyclopedia of Insects of North America, North of 
Mexico.” The book aims to furnish information on 
more than 20,000 insects. Ten years ago he selected 
the writer as co-author and by inheritance it has 
now become her project to complete and publish 
the manuscript. 

Jim Hyslop was a man who fairly teemed with 
interests. He was the first to compile a comprehen- 
sive article on insect losses (U. S. Bur. Ent. and 
Plant Quar. E-444, 1938). He wrote several articles 
on the periodical cicada and in 1936 directed the 
work on a motion picture with sound on the habits 
of this insect. Part of the picture was made on his 
farm, Silver Spring, Md., where he died January 16, 
a few months before the emergence of the 1953 
brood. He was particularly interested in standardiz- 
ing common names of insects and for a number of 
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years he was standing Chairman of the Committee 
on Common Names of the American Association 
of Economic Entomologists. From 1937 through 
1939 Mr. Hyslop taught courses in advance taxono- 
my at the University of Maryland at night. He 
studied weather in relation to insects and one of his 
articles. “Insects and the Weather,” appeared in 
the Yearbook of Agriculture for 1941. In over 200 
of his publications his ability as a writer is evident. 
From his college years he carried over his artistic 
talent which he used in insect drawings, his many 
portraits, and other subjects. 

He was a member of the Cosmos Club, Pi Gamma 
Mu and the following scientific societies: American 
Association of Economic Entomologists (first vice- 
president, 1936); Entomological Society of America 
(fellow, 1935); Entomological Society of Washing- 
ton (president, 1927); Washington Academy of 
Sciences, and the American Association for the 
Advancement of Science. 

“Cameronia,” his home, was a gathering place 
for entomologists the year round. In the spring, 
the new varieties of iris which he cultivated attracted 
friends from far and wide and the open house on 
New Year’s Day was an affair not to be missed. 
His wife, Grace, his sister, and four children, all 
of whom survive him, joined him in entertaining the 
many guests at the farm. His hospitality warmed 
the hearts of his friends and his great zest for 
life made everyone glad to know him. 

HELEN SOLLERS 
U.S. Bur. Ent. and Plant Quar. 
Wash. D. C. 


BOOK REVIEW 


Insects: THEIR SecRET Wor.LD, by Evelyn Chees- 
man. 12 mo., cloth, 246 pp., illus., N. Y., William 
Sloane Associates, 1953. $3.00. 


This little book records in non-technical language 
numerous observations made by the author, under 
widely varied conditions over the world, on the 
habits and activities of certain insects. Among these 
are ants, aphids, bees, beetles, butterflies, crickets, 
flies, grasshoppers, mosquitoes, sawflies, termites, 
wasps and others. There is included discussion of 
physical characteristics; relationships to host plants 
and to parasites and predators; protective devices; 
dispersl and survival; social organizations; instincts 
and trophisms, and the complexities presented by 
some of these in attempting to deal with latest con- 
trol methods. Particular attention has been given to 
citations from previously published data supple- 


mentary to or in corroboration of these observations, 
as found in the writings of such naturalists and ex- 
plorers as Henry W. Bates, Thomas Belt, Charles 
Darwin, Henri Fabre, David Livingstone, Arthur 
Loveridge, Ferdinand von Muller, George Peck- 
ham, Alfred Russell Wallace and others. The author 
is a member of the Department of Entomology of 
the British Museum, a former Curator of Insects 
and lecturer in the Zoological Society of London, 
and a long-time explorer in various parts of the 
world, notably in New Hebrides, Papua, Dutch New 
Guinea, New Caledonia and elsewhere for the Royal 
Geographical Society. While much of the material 
in this book is elementary, the author has presented 
a fairly comprehensive resume of many character- 
istics of insect life. 


J.S. Wave 








CLASSIFIED 


Advertisements of commodities for sale or ex- 
change or of services will be entered at 50 cents 
per issue or $2.50 per year. Advertisements re- 


questing information for use in publications will 


be charged at the rate of $1 per advertisement to 
run as long as space permits. Send notices and 
cash in advance to Ernest N. Cory, College Park, 
Md., by the 15th of the month preceding publication. 





POSITION WANTED: 


B.S., broad training in biological and plant 


Economic Entomologist, 


sciences, including year graduate study; experi- 
ence in Washington agricultural experiment sta- 
tion and Minnesota state entomologist’s office. 
Desires position in research, sales, or service. 
Prefer location in California, Oregon or Wash- 
ington. Dale E. Johnson, 718 4th St., S.E., Min- 
neapolis, Minnesota. 





CONSULTANT in ENTOMOLOGY and INSECTI- 
CIDES: to custom operators, 
shippers and warehousemen. Legal service: dam- 
age appraisal and litigation from use of pesticides 
and defoliants or injury to shipping and stored 
products. Dr. E. R. de Ong, 926 Stannage Ave., 
Albany, California. 


manufacturers, 





POSITION WANTED: by economic and medical 
entomologist (recent Ph.D.) with fifteen years 
experience in practical economic and public 
health entomology and field research. Desires 
position teaching and/or experiment station 
work. Please correspond care of Box A, Ameri- 
can Association of Economic Entomology, Col- 
lege Park, Maryland. 


PICTURES AND PHOTOGRAPHIC SERVICES 
AVAILABLE. Color sound 26 minute movie 
“Garden Insects.” Color silent movie “Fruit In- 
sects” without titles. Wide selection of color 
slides. 8 x 10 black and white pictures for ad- 
vertising or editorial use. Insect movies a spe- 
cialty. Let me know your needs. Lee Jenkins, 
Entomologist, Polo, Missouri. 











MANAGERS WANTED—World’s largest pest con- 
trol firm, operating in 24 states, needs several 
high-caliber men for responsible positions. Must 
have initiative, good judgment, the ability to 
work and deal with people, and should be 
personally ambitious. Experience in professions 
related to pest control helpful. Liberal salary and 
incentive arrangements provide excellent op- 

portunities with progressive and well-established 

firm. Employee benefits include paid vacations, 
sick leave, life insurance, hospitalization, and 
pension plan. Training programs for our future 
managers and other supervisory positions also 
open to college graduates. All replies con- 
fidential. Contact Technical Department, Orkin 

Exterminating Company, Inc., 713 W. Peach- 

tree Street, N.E., Atlanta, Georgia. 





FOR SALE. “Unbidden House Guests” 540 pages, 
400 pictures, close-out $5.30 Prepaid. Send check 
to Hartnack Publishing Co. Post Office Box 668, 
Tacoma, Washington. 





POSITION WANTED—by entomologist. Ph.D. 
Biochemistry minor. Many years teaching and 
research experience. Publications. Desires aca- 
demic appointment with teaching and research. 
Prefer Middle West. Major research interests are 
insect toxicology and radioactive tracer work. 
Now located at a Western College, available 
after December. Please correspond care of Box 
B, American Association of Economic Ento- 
mologists, College Park, Maryland. 








